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Sect ion 5. 

MULTlPUSPOSE SPACE STATION 1IPPLICATIONS 

Experiment and app l i ca t ion  requirements and t h e  c a p a b i l i t y  of the  

Modular Multipurpose Space S t a t i o n  conf igura t ions  t o  meet these  requ i re -  
- 

merits a r e  discussed i n  Sections 5 . 1  through 5.5. 

Experiments s p e c i f i c a l l y  se lec ted  f o r  t h e  Apollo Extension System (AES) 

f l i g h t s  a r e  anal-yzed i n  Section 5.1.  Two i n t e r i o r  l ayou t s  a r e  presented 

showing the  placement of AES experimental equipment i n  a  s ing le  modular 

compartment; one layout combines the  experimental equipment of f l i g h t s  

218 and 219; and t h e  second, f l i g h t s  523, 229, and 230. 

A t o t a l  of 405 earth-orbit ing space s t a t i o n  app l i ca t ions  were described 

and assessed as t o  the  requirements imposed upon the  candidate labora-  

t o r i e s  and space s t a t i o n s .  These requirements a r e  summarized by ind iv i -  

d.ual app l i ca t ion  i n  Section 5.2. 

Scheduling of  t h e  experiments and app l i ca t ions  requ i res  a  computer solu-  

t i o n  t o  achieve des i rab le  e f f i c i e n c i e s  of u t i l i z a t i o n  of manpowel- and 

e l e c t r i c a l  energy. A computer program t o  accomplish t h i s  scheduling i s  

described i n  Section 5.3. Typical app l i ca t ion  performance schedules a r e  

given f o r  t h e  Multipurpose Space S t a t i o n  conf igura t ions ,  

Al locat ion of experiments t o  s p e c i f i c  loca t ions  within t h e  individual  

compartments of the  Interim Modular Multipurpose Space S t a t i o n  i s  given 
,- 

i n  Section 5.4.  Four i n t e r i o r  layouts,  one f o r  each of t h e  inner com- 

partments, a r e  shown; t h e  l i v i n g  quar te r s  compartment and t h e  subsystems 

compartment, which can become standard spac 

bed i n  Section 3.1. 

The i n t e r f a c e  between t h e  experiments and the  accommodating space s t r a t ion  

i s  discussed i n  Section 5.5.  Primary considerat ions fo r  app l i ca t ion /  

space s t a t i o n  jn tegra t ion a r e  mentioned; consldera t ion of t h e  subsystem 
t 

performance i n  support of these  a,pplications i s  a l s o  given. 
I f -QCKHEEB 
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The NASA hzs se lec ted  85 experi~nents which a r e  Lo have preference i n  

assigivlient t o  the  a n t i c i p a t e d  Extended Apollo Earth-Orbit F l i g h t s .  

Preliminary desc r ip t ions  of these  experiments were supplied t o  Loclr- 

heed f o r  t h e  d e f i n i t i o n  of t h e  required  development cycles  necessary fo r  

t h e  development of the  experiment equipment a t  a time cons i s t en t  with 

spec i f i ed  vehic les  and f l i g h t  schedules. This w a s  a supplementary t a s k  

s u b s t i t u t e d  f o r  a p a r t  of t h e  o r i g i n a l  study work statement. 

The preferred ,  or  P r i o r i t y  I, experiments a r e  grouped i n  16 major ca te -  

gor ies  with the  number of individual  experiments i n  each category a s  

given below: 

Category -- T i t l e  Number of Experiments 

1 Medicine 

2 Behavior 

3 Creation of A r t i f i c i a l  Gravity 

4 Living Organisms 

5 Space Environment 4 
6 ~ i ~ u i d / G a s  and Solids Behavior 8 

7 Astronomical Observations and Techniques 6 
Remote Sensing of the  E a r t h ' s  Atmosphere 5 

t 9 Remote Sensing of t h e  E a r t h ' s  Surface 3 
Maneuverable S u b - s a t e l l i t e s  

Launch of an Unmanned S a t e l l i t e  

1 2  Electromagnetic Propagation 2 
and Transmission 

4-3 Space S t ruc tu res  Technology 6 
1 4  Subsystem Development and Test 7 

Extra-vehicular Operations 7 

6 - laaneuver ing and Docliin 3 

The experiment development requirements t a sk  vas approximately percent  

complete vhen a red i rec t ion  of s tudy e f f o r t  terminated t h i s  p a r t i c u l a r  

2 
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pl-iase, Althou,~h t h i s  t a s k  IES terminated before cor:lpl.ei;ion, one 

conclusioli .was beco:uin.g apparent: deve:lopment time f o r  t h e  exper i -  

mental equipment, w i t h  the required  , - tes t ing ,  in tegra t ion  a,nd crew t r a i n -  

ing, i s  even now becoming c r i t i c a l .  f o r  a number of the  experiments. 

Selected t o  i l lus l , r&te  the  experinlent development requirements e f f o r t  i s  

Experiment 1402, "Cabin Atriosphere Control f o r  LSS"; Fig .  5-1 i s  -the 

experiment development cycle showing the  necessary s t e p s  t o  be taken and 

t h e i r  i n t e r r e l a t i o n s h i p ,  Figure 5-2 dep ic t s  t h e  phasing of t h e  

development t a s k s  necessary t o  complete t h e  experiment i n  time for t h e  

suggested f i r s t  f l i g h t  da te .  

An "Experiment F l i g h t  Assignment Swnmary", prepared by NASA-MSC, 

Ta3le 5-1 was used a s  a b a s i s  f o r  subsequ.ent f i g ~ ~ r e s  and t a b l e s  i n  

t h i s  sec t ion .  F l i g h t  numbers i n  t h e  200 and 500 s e r i e s  r epresen t  

Saturn I B  and Saturn V launches, r e spec t ive ly ,  

A study was performed t o  a s s e s s  t h e  a b i l i t y  of the  modular space s t a t i o n  

conf igura t ions  t o  meet the  requirements of t h e  85 AES P r i o r i t y  I experi-  

ments. Four requirements of the  AES experiments were examined: 

(1) weight, ( 2 )  volume, (3)  man-hours and ( 4 )  e l e c t r i c a l  energy. Where 

o ther  companies had d i f f e r e n t  es t imates  of t h e  experiment equipment, 

nlanpower, and e l e c t r i c a l  energy necessary t o  meet the  NASA-stated exper i -  

ment object ives ,  these  d i f fe rences  a r e  shopm. The KASA schedule of 

f l i g h t s  des ignates  s p e c i f i c  experiments t o  be performed on t h e  individual  

f l i g h t s ,  and t h e  aforementioned experiment requirements a r e  a l s o  sunmarized 

by f l i g h t  number. 

', Figure 5-3 shows the  weight of experimental equipment required  f o r  t h e  

AES f l i g h t s  designated i n  Table 5-1. The l i n e  marked 'NASA' shows 

d a t a  given i n  NASA-Headquarters experiment desc r ip t ions  dated March 15, 

1965. Boeing, Grumann, and North American experimental equipment weight 

e se  f l i g h t s  ar 

comparison i s  d i f f i c u l t  s ince  Grmman, f o r  example, used a d i f f e r e n t  

s e l e c t i o n  of experiments f o r  f l i g h t s  218, 219, 516, 523> 229 and 230. 
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I 

0502 Study of  bbgnet ic  F i e l d  Lines I 9  
:,'I 0503 Analysis of Comet-like P s r t i c u l a t e  Clouds , 

0504 14icrometeoroid Collect ion 1 H 

0601 C a p i l l a r i t y  S tud ies  ' 2  
0602A Kine t ics  L Dynamics of Vapr/Gas Bubbles 1 g 0602B Liquid Drop Dynmics Study 
0603.4 Pool Boil ing i n  Long Tern Zero G Environment 
0 6 0 3 ~  Nucleate Condensation of  Fluids i n  Zero G 

t3 

0604 k n s i t y  Gr&&ient o f  Fluid at Nenr C r i t i c a l  S t  
0605 Crys t a l l i z a t i o n  Studies  
0605 Cosmic Ray Emission 

0731 Emission Line Radiometry 
0702 Intermediate  Size Ref lec t ing  Telescope 
0703 hknned Coronagraph 
0704 Nearby Solar-Like S t a r s  i n  X-Rays 
0705A Radio Ar;tro:~oiqy 1-5 PCPS Range 
0705B _ -Rad~Astr_onornyl15 P'CPS using "V" Antenna ' - -  - 
O@Ol Conjugate Auroro and Airglow i 
Of?O2A Test  of IR Scanning Spectrometer 
0802B Cal ib ra t ion  & Eval. of Microwave S p e c t r ~ m e t e r  

I 
0802C Test  of Prototype Star-Tracker  
0802D Oppration of H-R IR Radiometer kt. Equip. 

0901 Ih i l t i spec t ra l  T a r g ~ t  Charac te r i s t i c s  
i 

0922 Synoptic Grrth Pbpping 
0903 t h l t l f r e q u e n c y  Radar Imagery 

I 
-- --- 

1001 Sirall Man-uverable E k t e l l i t e  

Measurement of Radio Frequency Radiat ion ! 
Wide Band Width Transmission i n  Space 

. . . . -. - .- -. . - - 
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On-Board Navigation & Guidance 

. - . . . - .- . . . - -- - - --~ 
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. . . . .  . . . -. .- - 
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Hecapture of' Syncom 111 
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Sto~.:ed volume requirements of the AES experiments by f l i g h t  numbcr a r e  

shown i n  Fig. 5-4.. The North American data appears "L r e f l e c t  the  

pressurized volume requirements,  hereas as the  NASA values include pres  - 
surized and unpressurized volunie requirements. 

Nan-hours required t o  perform the  AES experiments by f l i g h t  number 

according t o  t he  NASA data  a r e  shown i n  Fig.  5-5. Po ten t ia l  crew 

man-hours avai lable  fo r  experimental a c t i v i t y  a r e  noted t o  be i n su f f i -  

c i e n t  i n  view of these preliminary experiment requirements. Other 

study contractors have apparently reduced the  experiment performance 

times t o  be compatible v i t h  experimental man-hours expected t o  be 

ava i lab le  on these ea r ly  AES f l i g h t s  as  shotm i n  Fig.  5-6. As a 

r e s u l t  of Gemini f l i g h t  experience, it i s  reasonable t o  an t i c ipa t e  t h a t  

some degree of experiment automation w i l l  be needed t o  make the  pro- 

grammed experiments compatible with the crew time avai lable .  

E l e c t r i c a l  energy required t o  perform the  experiments becomes an 

important consideration i n  the  assessment of t he  t o t a l  AES experinlent 

requirements because e l e c t r i c a l  energy represents  weight i n  t he  case of 

a f u e l  c e l l  power system and e l e c t r i c a l  power l e v e l  represents  weight 

where a solar  c e l l  power systenl i s  employed. The e l e c t r i c a l  energy 

required to perform the AES experiments i s  shown i n  Fig. 5-7 along 

with a reference l i n e  indicat ing the  power expected t o  be ava i lab le  

from the  Apollo Service Module fo r  experimental purposes. 

Comparison of the  payload capabi-lity of two of the  modular space s t a t i on  

configurations with experimental equipment weight requirements i s  

depicted i n  Fig. 5-8. Selected configurations Tor t h i s  comparison 

were the  One-Compartment Dependent Laboratory i n  low inc l ina t ion  ea r th  

o r b i t  and the  Two-Corf~partment Polar Orbit Laboratory. F l igh t s  21.9, 518 
and 523 a re  seen t o  be unobtainable v i t h  the  candidate s t a t i ons  i n  t h e i r  

- 

t i o n  on the  ba s i s  of ava, ayload . 
re-a l locat ion of i n s t a l l e d  equipment and cons~unables may make these  two 

configurations capable of accormnodating these pa r t i cu l a r  f l i g h t  require-  

ments. For example, F l igh t  219 has a n  excess of s tored e lect r ica , l  

8 





--- 2 M A N  CREW, 10 EXP. MAN-HRS PER MAN-DAY 

3 M A N  CREW, 8 EXP. MAN-I-IRS PER MAN-DAY 
------ 3 M A N  CREW, 10 EXP . h4AN- t4RS PEA MAN-DAY 

(AES DATA: MARCH 15, 1965) 

MISSION DURATION (DAYS) 

FIG. 5-5 MANHOUR REQUIREMENTS OF 15 AES FLIGHTS COMPARED TO 
PO'TEl\aTlAL EXPERIMENTAL MANHOURS AVAILABLE WITH APOLLO 
VEHICLE AND CREW 
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MISSION DURATION (days) 

FIG. 5-8 EXPERIMENTAL EQUIPMENT WEIGHT REQUIREMENTS OF 35 AES 
FLIGHTS COtdPARED TO EXPERIMENTAL PAYLOAD CAPABILITY 
OF SELECTED MODULAR APPROACI4 COMF:I GURATIONS 



cnergg i n  t h e  form of fuel  cell re~tcLa,nts as con~pzred t o  the  taSuLntcd 

U S  P r i o r i t y  I experiment e l e c t r i c a l  energy requirements, A 1-erluction 

of  t h i s  e l e c t r i c a l  energy c a p a b i l i t y  would y i e l d  an  increased equipment 

weight c a p a b i l i t y  thus  maliing the  One Cornpal-tment Dependent Laboratory 

a pot.entia.1. veh ic le  f o r  F l i g h t  219. 

I n  sulnmary, the  majority of the  proposed low i r ic l ina t ion  U S  f l i g h t s  

could be accomplished with the  One Compartment Dependent Iabora tory  on 

a payload a v a i l a b l e  b a s i s .  A l l  AES synchronous o r b j t  f l i g h t s  could be 

achieved with t h e  ' h o  Compa,rtment Mboratory  of t h e  modular approach 

s p e c i f i c a l l y  conf i w e d  f o r  t h a t  mission; a l l  AES pol-ar f l i g h t s  a r e  

achievable with the  noted exception of F l i g h t  21.9. 

The c a p a b i l i t y  of  a space veh ic le  t o  acco~mnodate experiments based on 

volume requirements and volume ava i l ab le  i s  more d i f f i c u l t  t o  a s s e s s  

t h a n  a r e  t h e  o the r  noted parameters of  weight, man-hours and kw-hr 

requ-irernents . Experiment volumes can be t abu la ted  i n  various ca.tegories : 

's towed',  Ideployed o r  i n  an opera t ional  s t a t e ' ,  ' r equ i r ing  pressur ized  

l o c a t i o n t ,  and ' s u i t a b l e  f o r  an unpressurized I .ocat iont .  Further,  t h e  

e f f i c i e n c y  of  arrangements of experiments wi th in  the  volmne a v a i l a b l e  

i s  a major f a c t o r  i n  determining t h e  number of  experiments t h a t  can be 

accommodated i n  a given volume. Experiment vork area,  a i s l e s ,  e t c . ,  

must be deducted from t h e  gross  volume a v a i l a b l e .  Volumes a v a i l a b l e  f o r  

experiment i n s t a l l a t i o n  on various spacec ra f t ,  including one compartment 

of the  modular conf igura t ions ,  a r e  given i n  F ig .  5-9 along tr i th tabu?-ar 

volume requirements of the  AES f l i g h t s .  'Tabular '  as used here means 

the  arit2-~tnetic sum of the  ind iv idua l  experiment volumes i n  an undeployed 

o r  stowed condi t ion .  

The i n a b i l i t y  of  a three-man crew t o  perform the  AES P r i o r i t y  I exper i -  

ments with t h e  o r i g i n a l  (1i1arch 15, 1965) man-hour requirements has been 

s h ~ r . ~ ' ; ~  i n  Fig .  5-5. A f u r t h e r  breakdown of these  requirements is shown 

i n  Fig. 5-10. A re-evaluat ion of these  experiment munhour r equ i re -  

rnents t r i l l  be requi red  t o  achieve rnission cornpst ibj l i ty o r  i t  l ~ j l l  be 

necessary t o  d e l e t e  c e r t a i n  experiments from the  cu r ren t  M S  f l i g h t  schedule,  
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Experi~~ients  i n  the medical and  bchavior ca teggr ies  t o t a l  24 out of i,he 
f 3 
63 85 AES P r i o r i t y  I experinlents. T21e e f f e c t  of sunmarizing tlicse two 

categor ies  separa te ly  i s  i l l -us t ra ted  i n  Table 5 -2. The medical. and 

behavior category experjmen-ts a r e  seen t o  have small wejght, volume, and 

manhour requirements bu t  t h e  physical  science (non-medical/behavior) 

experiments a r e  achieved a t  a r e l a t i v e l y  high pena l ty ,  

I n s u f f i c i e n t  depth of a n a l y s i s  of the AES experirnents has r e s u l t e d  i n  a 

broad spread of e s t i m t e s  of experiment requirements. Trends have begun 

t o  appear, however, and t h e  prel iminary analyses t o  da te  ind ica te  t h a t  

some regrouping of the  planned experiments w i l l  be required .  

One-Co~npartment Dependent Laboratory with AES Experiments 
F3 
ksl Figure 5-11 shows t h e  i n t e r i o r  arrangement of a s i n g l e  compartment 

labora tory  t h a t  incorpora tes  t h e  experimental equipment included i n  

F l igh t s  218 and 219 a s  shown i n  Table 5-1. However, t h e  400 s e r i e s  of 

b io log ica l  experiments were omitted due t o  t h e  l a r g e  volume requirements 

of the  l i f e  support equipment f o r  animals. The above two AES f l i g h t s  

were t o  be consecutive f l i g h t s  with one as t ronaut  s taying a l o f t  f o r  a f u l l  

90-day period.  This i n t e r i o r  arrangement shows t h a t  t h e  majori ty of 

experiments can be performed i n  a One Compartment Laboratory with only 

resupply of consumables and crew being required .  

The lower por t ion  of t h e  compartment i s  f r e e  of s t r u c t u r e  and equipment 

so  t h a t  a cent r i fuge  may be located  and operated t h e r e .  The centr i fuge  

i s  supported from r i n g s  located  around t h e  c e n t e r l i n e  access opening 

and i s  s t a b i l i z e d  by wheels t h a t  run i n  a t r a c k  a t  the periphery.  

Power f o r  opera t ion i s  appl ied  t o  these  Centrifuge con t ro l  i s  

maintained by a crew member i n  the  center  of the compartment. 

Section A-A shows a personnel a i r l o c k  with a docking hatch at  the end. 

This a i r l o c k  i s  r e t r a c t e d  within the  compartment during launch. The 

console and human performance t e s t  a rea  i s  on the  r i g h t  s ide  

while the  l e f t  s i d e  of t h i s  sec t ion  shows an area  f o r  p r e s s w e  s u i t  

s torage .  



Table 5-2 

SUI4blARY \?'EIGHT AND VOLtDE DATA ON AES PRIORITY 1 mCPi'RIhfl3I\STS 

Total Weight = 29,624 l b  

3 
( 1 )  Does not incl~ude 2300 f t  of Experiment No, 1406 ( o p t i c a l  telescope) 
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Section 5 

Section U-E o n  the  r i g h t  s ide  of t l i i s  f igure  shows the  e x t v a v c i ~ i c u i ~ r  

s u i t  and maneuvering u n i t .  To the  l e f t  of t h e  cen te r l ine  i s  shc1.111 t h c  

biomedi c a l  and psychomotor console. The bi~xnedical  equipment i s  pat -  

terned a f t e r  t h a t  recommended by Lockheed Miss i les  and Space Company on 

Contra,ct I'JASx.~-1071, Biological  Measure~nent of  $Ian i n  Space. 

The plan view shows some experiments t l ia t  do not appear i n  the  sec t iona l  

views, Among these  a r e  t h e  mass determination device, the  ergometer, 

and t h e  lo-iqer body negative pressure  device. One of t h e  universa l  

hatches has an experiment deployment a i r l o c k .  I n  it i s  shown a s o l a r  

concentrator  t h a t  i s  used fo r  melt ing samples of mate r i a l s .  This u n i t  

i s  a l s o  r e t r a c t e d  during launch. 

Section C-C shows t h e  microchemical console, and t h e  stowed p o s i t i o n  of 

t h e  por table  x-ray equipment can be seen i n  Section D-D. . 

AES F l igh t  523 i s  a low-alt i tude,  low-inclinat ion f l i g h t  of 45 days 

dura t ion with f l i g h t s  229 and 230 as resupply f l i g h t s .  It is  poss ib le  

t o  combine these  experiments i n t o  one f l i g h t  of a One-Compartment 

Laboratory with one o r  two resupply f l i g h t s  f o r  crew and consumables, 

depending upon t h e  t o t a l  durat ion des i red  f o r  some of t h e  continuous 

experiments. Figure 5-12 shows t h e  i n t e r i o r  arrangement f o r  the  

One-Compartment Laboratory incorporat ing t h e  experiments of F l i g h t s  

523, 229) and 230. This combined f l i g h t  includes a l l  of t h e  exper i -  

ments of t h e  previously combined F l igh t s  218 and 219 ( ~ i ~ .  5-11) 
except f o r  the  extra-vehicular  operat ions and the  a r t i f i c i a l  g 

experiment using t h e  cen t r i fuge .  The removal of the  cent r i fuge  makes 

one-third of t h e  compartment ava i l ab le  f o r  o ther  experiments. Once 

again,  the  400 s e r i e s  b io log ica l  experiments were omitted due t o  the  

l a r g e  volume requirements of t h e  l i f e  support equipment f o r  t h e  animals. 

The general. f l o o r  arrangement of t h e  compartment i s  shown i n  the  plan 

view of Fig .  5-12. The biomedical and psychomotor console, the  navi-  

ga t ion and t h e  r a d i a t i o n  console, and t h e  experiment deployment a i r l o c k  



along .irith the  ergometer and lower' body pressure device a re  a l l  loca ted  

a s  sho~m previously i n  F ig .  5-11. Relocation of t h e  rn~crochemical con- 

so le ,  which is  r e t a i n e d  a s  a u n i t ,  permits the  add i t ion  of a t o i l e t ,  

por lable  shover s t a l l  and o the r  pe r so~ ia l  hygiene equipment a t  the  

l e f t  of t h e  plan view of Fig .  5-12. Cabin atmosphere monitor and 

c o n t r o l  equipment a r e  loca ted  adjacent .  

The con t ro l  console and human performance t e s t i n g  a r e  shown t o  t h e  r i g h t  

i n  View A--A of Fig .  5-12. Above t h i s  is  the  food s torage  and prepara t ion 

a rea .  Covers similar t o  ~ ~ i n d o w  shades can be s t r e tched  over t h e  con t ro l  

console during food prepara t ion i f  des i red .  Addit ional  equipment stow- 

age i s  located  beneath the  consoles with a c c e s s i b i l i t y  from e i t h e r  s i d e .  

Storage f o r  personal  hygiene equipment i s  shown a t  t h e  l e f t  s ide  of t h i s  

view with the  microchemical console i n  the  background. 

View B-B shotrs the  biomedical and psychornotor console a t  the  l e f t .  The 

u r ine  accumulator tank a,nd processed f e c a l  s torage i s  shown t o  t h e  r i g h t  

above t h e  t o i l e t .  Stowage f o r  l iquid/gas /sol ids  behavior t e s t s  i s  sho.i.m 

i n  t h e  background, r i g h t  of center .  

The microchemical console i s  shown i n  d e t a i l  i n  View C-C and i s  t h e  same 

as used f o r  f l i g h t s  218 and 2x9. A t  t he  r i g h t  s i d e  of t h e  microchemical 

console, a control  console and a TV monitor have been added f o r  the  

astronomical experiments, Sealed models f o r  t e s t i n g  propel lant  handling 

a r e  shovm beaneath t h e  microchemical console. 

View D-D shows t h e  equipment f o r  monitoring and con t ro l l ing  the  cabin 

atmosphere. The t e s t  set-up shown i s  f o r  l i q u i d  drop dynamics. Stov~age 

i s  indicated  f o r  the  a d d i t i o n a l  equipment required  f o r  t h e  600 s e r i e s  

t e s t s  on l iquid/gas /sol ids  behavior. 

The 40-inch MORL type te lescope i s  shown i n  i t s  opera,tional pos i t ion  

a t tached t o  a docking por t .  cope would be mounted on t h e  t o p  

of the  compartment during launch along with t h e  o the r  e x t e r i o r  equip- 

ment required f o r  t h e  astronomical observations of the  700 s e r i e s  

experiments, The space s t r u c t u r e s  equipnient for  t h e  1300 s e r i e s  
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experil:ients would lil ielrise be mo-unkd (13ot shotm) outs ide  on t h e  t o p  of 

t h e  compartment. 
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From an extensive list of potentiai experiments and surveys, the NASA 

Manned Spacecraft Center has selected a group to serve as a mission 

model for manned space stations. The titles of these 648 selected 

applications were published in the document, "hbtional Multipurpose 

Space Station Utilization Outline, 'I dated Oct. 1, 1964. This list 

categorized the experiments and applications into five broad areas: 

o Basic Science and Technology Research 

@ Earth Orbital Engineering Development and Qualification 

e Earth Orbital Functional Applications 

e Space Mission Support 

e National Defense Support 

From these categories NASA selected 301 experiments and defined them in 

sufficient depth to identify the following items: 

6~ Exper imen-t description and objectives 

5 Power, weight, and volume requirements for experimental 
apparatus 

e Crew time necessary to carry out the experiment or survey 

e Crew skill type required 

e Total experiment time 

e Experiment priority 

In addition, Lockheed selected 104 additional experiments from the 

Utilization Outline and completed descriptions for these, making a 

total of 405 that were processed. 

Table 5-3 summarizes by category the number of applications listed in 

the Utilization Outline a,nd the number actually processed. The processing 

consisted of defining the experiments in greater depth to assess their 

impact on the modularized space station design, operation, and utiliza- 

tion. To aid in formalizing these constraints and requirements, a 

standardized Experiment and Application Summary form, as shoriin in 

P"; 
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Fig.  5-13, was prepared. 112 a.cidltio;i, where possibj.e, p i c t u r e s  o r  

schematic di.a.gr.ams were included t o  i . l l u s t r a t e  any unique t e s t  equipment 

invol-ved . The co~r~p le t~e  s e t  of 4.05 Experiment and Applicat ion Summaries 

a r e  presented i n  t h e  Appendix volume of %his  r e p o r t .  

These experiment swnmaries served severa l  purposes: 

1. Exper i111ent interdependencies were es t ab l i shed  i n  severa l  ways . 
One grouping was based on experimental equipment commonality. 
Insofar  as poss ib le ,  those experinients us ing common t e s t  equip- 
ment Irere grouped i n  close pyoximity i n  both space and t i m e ;  
t h a t  is, they  1.1ou1d telsd t o  be placed near each o ther  i n  t h e  
space s t a t i o n  labora tory  compa,rtments, and, when required,  
would be performed a t  nea r ly  t h e  sane time. This tras e s p e c i a l l y  
t r u e  f o r  several  of  the  biomedical experiments and f o r  many of - 
t h e  E a r t h  survey appl ica t ions ,  a s  shown i n  Tables 5-1: through 
5 -8. 

Another aspect  of interdependence grouping consisted of d e t e r -  
mining \r?iich experiments should precede o t h e r s  i n  time . This 
i s  necessary where the  r e s u l t s  of  one o r  rnore t e s t s  must be  
obtained before  o t h e r s  can be c a r r i e d  ou t .  Because of a RASA- 

p d i r e c t e d  s h i f t  of  empha,sis, t h i s  type of  interdependence 
grouping 'iras done only f o r  those experiments received before  
t h e  mid-term of t h e  study. The r e s u l t  of t h i s  grouping i s  
shown i n  Table 5-9. 
Severa l  of  the  biomedical experiments were grouped i n  s e t s  f o r  
convenience i n  ga ther ing  d a t a .  For example, those t e s t s  corn- 
p r  i s i n g  a genera l  physica l  examination were group-d together  
and would be c a r r i e d  out  a s  a group in able 5-10). 

2 .  The experiment b r i e f s  aided t h e  spacecraft  designers i n  l a y i n g  
out  t h e  inboard p r o f i l e s .  The b v i e f s  descr ibe  the  necessary 
t e s t  apparatus by such i t e n s  a s :  c r i t i c a l  d-imensions, volume, 
suggested p lac ing of equipment, p i c t u r e s  o r  diagrams of e x i s t i n g  

.@+ apparatus,  and p o t e n t i a l  s a f e t y  hazards.  

L 3. Subsystem des igners  were a l e r t e d  t o  s p e c i a l  requirements placed 
n t h e  space s t a t i o n ,  such a s  hea t ing  or  cooling of  equipment, 

unusual spacec ra f t  s t a b i l i t y  spec i f i ca t ions ,  o r  s t r i n g e n t  
navigat ion  requirements. 

4. Space s t a t i o n  opera t ing  paranieters were a f f e c t e d  by severa l  
i tems described i n  the  b r i e f s .  Cer ta in  experiment perf'orn~ance 
requirements can be s a t i s f i e d  only by s p e c i a l  polar  and synchro- 
nous missions, or by r o t a t i n g  o r  non-rotat ing s t a t i o n s .  The 
nwnber of experiments f a l l i n g  i n t o  these  ca tegor ies  a r e  l i s t e d  
i n  Table 7-11. 
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Table 5-3 

SPACE STj\?'I ON APPLI C-4TIOIVS SU1QQU3Y 

Nuniber of Suggested 
Number of  Applicat ions 

Processed Category Applicat ions 

BASIC SCIENCES AITD TECHNOLOGY RESSARCH 

Li fe  Science 
Space Environment 
As tronorny/Geos cience 
~ h y s i c s / ~ h e m i s t r ~  

EARTH ORBITAL ENGINEERING DEVELOPIvIENT 
AND QUALIFICATION 

Crew Systems 
S t ruc tu res  and Mater ia ls  
E l e c t r i c  ~ y s t e m s / ~ e c h a n i c a l  Systems 
navigation-~uidance/~ornrnunications 
Opt ica l  Systems 
F'ropulsion 
S t a b i l i t y  and Control. 
Space Maint . /opeA r a t i o n a l  Procedures 

EARTH ORIENTED FUNCTIONAL .APPLICATIONS 

Meteorology 19 
~ommunicat~ions/~Vavigation Aid 1 0  
Surveys of ~ a r t h / ~ o c i o - ~ c o n o m i c  Studies  36 

SPACE MISSION SUPPORT 

Service and Maintenance 3 2 @ 
4 

fJ 
Crew Mission C r i t e r i a  2 
Orb i t a l  Launch Operations 7 2 
Mission Control 
O r b i t a l  Recovery Operat ions 

NATIOITAL DEFENSE SUPPORT 

Passive Support 4 
Active Support - - 5 

- - 
TOTAL 648 
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T i  

- 
SCJECTt \/E 

--- 
I NSTAI.Ld,TI O N  REQUIREMENTS ------a- 

1 .  Normal Opera t ing  Environn~ent: Equip. 

2. Weight of Equipment and Supplies (Ib.)- 

3. Volume of Equipment and Supplies (cu. ft.): I n t e r n a l _ _  ; External 

4. Cri t ical  Dimensions (ft .) 
5. List of Test Apparatus 
- -- 

6. Average Power Requirements (kw) - --- 
7. Special Thernial Requirements. -- 

8. Orientat ion:  Laboratory ; Equipment 

9 .  Special Navigatiorl Accuracy 

10. Sfability and Pointing Accuracy -- -,A - 
11. Orbit  Requirements - 
12. Gravity Requirements 

1.  Number o f  Crew Required - 
2, Skill Categories -- 

1 3. Total Man-hours ____I 
4. Chronological Span 

5. Experiment Cycles: Duration Number - 
6 .  Potential Hazards 

DISCUSSION: 

FIG, 5-13 SAMPLE EXPERlMEIqT AtqD APPLlCATiON SUMMARY FORhIl 



Table 5-4 
BIOMEDICAL EXPERIMENTS USING CALSUL EQUIPMENT 

Number T i t l e  

1.1.1.6 Venous Pressure and Circulation Time 

1.1.1.11 Blood Ca,techolarnine 

1.1.1.32 Urine 17 kg Steroid I 

1.1.1.44 Blood and Urine Sugar 

1.1.1.53 Blood 17  kg Steroid 

1.1.1.61 Glomerular F i l t r a t i o n  Test 

1.1.1.62 Blood A1 kaline Phosphate 

1.1.1.71 Blood-Urea Nitrogen 

1.1.1.75 Urinary Albumin 

1.1.1.78 Blood ATP 

1.1.1.80 Urine Catecholamine 

1.1.1.88 Blood and Urine Creatinine 

Table 5-5 
EXPF3IMENTS USING X-RAY EQUIPMENT 

Number -- T i t l e  

1.1.1.1 Pulmonary Pathology and Heart Size 

1.1.1.14 Kidney and Bladder Stone Formation 

Gas t ro in tes t ina l  Tract Moti l i ty  

Bone Density 

Table 5-6 
EXPF3IMJ3NTS USING HUMAN CENTRIFUGE 

Body Mass 

Centrifuge Test 
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Table 5-7 

EXPlCRIbE?iTS USING KAPPITJG CPNEXA APD ASSC)CiATED EQUIpbF;n"I1 

T i t l e  

1.4.1.10 Geographic Studies 

3.4.1.1 Survey and Dynamic Mapping of t he  Far th ' s  
Surface fo r  Agricul tura l  Production 
Estimates 

3.4.1.2 \rater Resources Survey 

3.4.1.5 Fores t ry  Survey 

Agricul tura l  Survey 

Crop Predic t ion 

Monitor EZirthts Vegetation 

Opt i ~ ~ ~ u n i  Use of Habitable Land 

3.4.1.11 Mineral Survey 

3.4.1.12 - Observation of Volcanic Eruption Ef fec t s  

Oceanography Studies 

Tidal  Wave Warning 



Table 5-8 

EXPmIbmVTS USING INFRAHED RECEIm AND ASSOCIATED EQUIPNEI'Sr 

Ti. t l e  

1.4.1.4 Infrared (7-30 microns) Response of 
Geologic Materials  

Survey and Dynamic Mapping of t he  
Ea r th ' s  Surface f o r  Agricul tura l  
Produ.ction Estimates 

3.4.1.2 Water Resources Survey 

3.4.1.5 Fore sii-y Survey 

3.4.1.6 Agricul tura l  Survey 

3.4.1.7 Forest F i re  Warning 

3.4.1.8 Crop Predic t ion 

3.4.1.9 Monitor Ea r th ' s  Vegetation 

3.4.1.10 Opti~nun Use of Habitable Land 

3.4.1.11 Mineral Survey 

3.4.1.12 Observation of Volcanic Eruption Effects  

3.4.1.14 Determine Composition o l  So i l s  from 
Spectral  Infrared Bnission 

3.4.1.15 Determination of Composition and 
Dis t r ibut ion of S o i l  Types from Infrared 
m i s s i o n  Imagery 

3.4.1.16 Atmospheric Modification of the  Infrared 
Spectra l  Reflectance and Emittance from 
Vegetation 

3.4.2.1 Oceanography Studies 

3.4.2.3 Sea Temperature Gradients 

3.4.2.7 Iceberg Posi t ion Sta tus  

Fish Migration 

Thermal Structure and Pat terns  of the  
Ocean Surface from Spectral  Infrared 
Emittance 

3.4.2.13 Determination of the  Thermal Pat tern  and 
Structure  of the Ocean Surface by Imaging 
the  Emitted Infrared Radiation 
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Table 5-9 

SE QUENTIA. INTFIRDEPEXWENCE OF EXPERIKENTS ( ~ont . ) 

Experiment Title 
Dependent 
Nwnber Experiment Title 

2.9.1.5 Evaluation of Earth, Moon, Sun and 1.2.1.1 Extraterrestrial Electromagnetic ' 

Star Tracker Performance Radiation Survey 

I 

1.2.1.7 Albedo Level Measurement Program 
I 

1.2.4.2 Horizon Spectrometry 
I 

1.4.1.1 Multispectral Sensing of the 
Terrestrial Surface 

Terrain Reconnaissance and 
Communication 

Advanced Photographic Systems 
Evaluation 

Photography of the Terrestrial 
Surface 

Mapping of Cloud Formations 

Mapping of Changes in Snow and Ice 
Coverage 
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Table 5-10 

EXI)EHIlQ3NTS PFJ?FO13b?ED 1.KLT.H THE GENERAL PIiYSICAI, EXAMINATION 

Title 

1.1.1.2 Evaluation of Superficial Scrlsation 

Blood Volume 1.1..1.3 

1.1.1.7 Exercise Test 

1.1.1.10 hk~scle Function 

1.1.1.17 . Capil lary Fragility 

1.1.1.18 Visual Fields Evaluation 

1.1.1.19 Incistonal Healing and Bleeding Time 

Respiratory Rate 

Mu.cosa1 Integrity Eva1uatj.o~ 

Skin Thickness 

Venous Distension 

Body Teniperature 

Color Vision Evaluation 

1.1.1.33 Heart Sounds 

1.1.1.34 Muscle Size 

1.1.1.36 Reflex Response and Clonus Evaluation 

1.1..1.38 Vestibular Reaction 

1.1.1.41 Pulse Rate 

1.1.1.45 Visual Acuity, Depth Perception and Accomodation 

1.1.1.58 Incidence of Aerotitis Media 

1.1.1.59 Expiratory-Inspiratory Force 

1.1.1.66 ~lood Pressure 

1.1.1.74 Joint Motion Range 

1.1.1.79 Retinal Examination 

1.1.1.82 Liver Size 
- - - -- . - 

1.1.1.86 General Physical Examin 





5 .  ]+om t h e  s~~rrmaries,  key puncli inp7.1t.s for the 1l)eveloprnerit of 
Events Sequetlces (DOES) coll~puter program were pl-.cparcd, This 
ccmiuter prowam i s  described i.n Sectj-on Fj ,3 .  Thc IBM cards 
were coded fo r  the f o l l o ~ . ; i n g  items : experilneiii number, 
p r i o r i t y ,  crer,; s k i l l ,  crew time, e l e c t r  ica.1 power, and 
experiment interdependency. 

6. Because of various const ra in ts ,  not a l l  experiments can be or 
should be pe~formed on a l l  t h e  space s ta t ions .  From the  
Experiment Swnmaries, a, p o t e n t i a l  exper ilnent assi.gmnent was 
compiled a s  shotnl i n  Table A - 1 ,  of the  Appendix, This ].is.t, 
would al low a DOES IEP4 card deck .to be compiled. for each o f  t h e  
space s t a t i o n  confi&prations;  however, t h e  NASA-directed s h i f t  

' of erriphasis precluded t h i s  f i n a l  f i l t e r i n g  by the  DOES program. 

7.  Finally,  from the  Experiment and Application Suxrmisries, h i s t o -  
grams and t h e i r  associa ted  cumulati.ve d i s t r i b u t i o n  funct ions  
were constructed f o r  the  follotri.ng pararrieters : veight ,  s tored 
volume, inanpo~~er requirements, and e l e c t r i c a l  power requirements . 
Figures 5 -14 through 5 -21 present  these  curves. 

Figure 5-14 shows t h e  d i s t r i b u t i o n  of t e s t  equipment weight required  f o r  

each experiment or app l i ca t ion .  This i s  a highly skewed d i s t r i b u t i o n ,  

peaking between 0 and 50 pounds. It should be noted a l s o  t h a t  the re  a r e  

severa l  experiments r equ i r ing  very heavy t e s t  equiprnent; f i v e  requ i r ing  

weights between 1000 and 2000 lb ,  two between 5000 and 10,000 l b ,  and 

one a t  48,000 l b .  Figure 5-15 is  the  derived cwfiulative d i s t r i b u t i o n  

of t e s t  equipment weight. The mean value was ca lcula ted  t o  be 270 l b  

per  experiment with 90 percent  of the  experiments r equ i r ing  225 l b  per 

experiment o r  l e s s .  

Figure 5-16 presen t s  t h e  d i s t r i b u t i o n  of t e s t  equipmeat s tored volumk 

requirements f o r  each experiment. This i s  a,1so a highly skewed d i s t r i -  

bution, peaking between O and 5 cu f t  per experiment with a few experi-  

ments having a very high volume requirement. Figure 5-17 i s  the  volume 

requirement cumulative funct ion.  The mean value i s  1 3  cu f t  per exper i -  

ment and 90 percent  of t h e  t e s t s  r equ i re  l e s s  than 7.5 cu f t  each. 

Figures 5-18 and 5-19 a r e  the  frequency d i s t r i b u t i o n  and t h e  cumulative - - 

d i s t r i b u t i o n ,  respect ively ,  f o r  e l e c t r i c a l  power. The mean value was 

ca lcula ted  t o  be 0 '21 ktr per experiment, and up t o  the  90th p e r c e n t i l e  

t h e  experiments required  0 . k  ktr per experinicnt or  l e s s ,  



WEIGHT (pounds per experiment) 

FIG. 5-14 DISTRIBUTION OF EXPERIN\ENT WEIGHTS 

TOTAL WEIGHT: 109,000 Ib 

WEIGHT OF EXPERIMENTAL EQUIPMENT 
bounds per experinient) 

FIG. 5-15 CUMULATIVE D ISTRIBUTION O F  WEIGHT FOR EXPERIMENTAL EQUIPMENT 
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NOTE: 116 EXPFKIMEN I S  H A M  ZERO 
VOLUIS,E RtQUIREMtNTS DL!E 
TO EQUIP/,4kl.IT COMMONALITY 

VOLUME OF EXPERIMENTAL EQUIPMENT 
(cubic feet per experiment) 

FIG. 5-16 DISTRIBUTION OF EXPERIMENT VOLUME REQUIREMENTS 

MEAN VALUE - 13 cu. f t .  per experiment 

L VOLUME: 5250 cu. ft. 

VOLUME OF EXPERIMENTAL EQUIPMENT (cubic feet per experiment) 

FIG. 5-17 CUMULATIVE DISTRIBU'TION OF VOLUIdE REQUIREMENTS 
EXPERIivtENTAL EQUIPMENT 

FOR 



NOTE: 97 EXPERIMENTS HAVE ZERO 
POWER REQUiRMENTS 

ELECTRICAL POWER REQUIREMENTS ( kw per experiment ) 

FIG. 5-18 D ISTRlBUPlON OF ELECTRICAL POWER REQUIREMENTS FOR 
EXPERIMENTAL EQUI Pl\r\ENT 

M E A N  VALUE - 0.21 kw per experiment 

TOTAL ELECTRICAL POWER: 85.73 kw 

ELECTRICAL POWER REQUIREMENTS 
( kw per experlmeni) 

FIG. 5-19 CUN\ULATIVE: DISPRIBUT101\1 OF ELECTRICAL POWER REQUIRE!VIENTS FOR 
EXPERIMENTAL EQUiPNiENT 

F" 
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MAN-HOURS PEA EXPERIMENT 

FIG. 5-20 DISTRIBLJTI O N  OF EXPERIMENT N\AN-HOUR REQUIREN\ENTS 

MEAN VALUE: 783 MAN-HOURS PER EXPERIMENT 

TOTAL MAN-HOURS: 317,W 

MAN-tiOUP,S PER EXPKAIMEt4T 

FIG. 5-21 CUMULATIVE D ISTRIRUS-I OI\I OF EXiiERIA4ENT MAN-HOUR 
REQUI REME IdTS 
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F ina l ly ,  Figs.  5-20 and 51-21 shoxr t h e  d i s t r i b u t i o n s  of man-hours per  

experiment. The mean i s  783 man-hours per experiment with 80 percent  

of t h e  experiments having t h i s  value o r  l e s s .  

Table 5-12 shows a f u r t h e r  breakdown of mean values f o r  the  var ious  

ca tegor ies  of experiments and a p p l i c a t i o n s .  I n  addi t ion ,  the  o v e r a l l  

mean values a r e  t abu la ted  f o r  weight, s to red  volume, power, and man- 

hours f o r  a l l  405 experiments. 
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5. 3 E):PEXI~~,EfSr AI'D APPLICATIONS PROGRAbTI/iING 

The cur ren t  mission made1 f o r  the  Modular Jlultipurpose Space S t a t i o n  

f ami1.y of vehic les  c o n s i s t s  of 405 experiments and app l i ca t ions .  The 

t a s k  of sequen t i a l ly  scheduling these  wi th in  the  f i n i t e  c o n s t r a i n t s  of 

t h e  space s t a t i o n  i s  a major problem. To a i d  i n  t h i s  process, the  DOES 

(~evclopnient of Events Sequences) computer program was developed. This 

s tored  computer program was w r i t t e n  i n  t h e  Cobol language f o r  t h e  

IBll$ 77094. It t akes  a s  inputs  specif i c experiment d a t a  requirements, slid 

s c h e d u l ? ~  t h e  experiments wi th in  the  c o n s t r a i n t s  of ava i l ab le  msnhours 

p e r  week, e l e c t r i c a l  power pe r  week, p r i o r i t y  and o the r  l i m i t a t i o n s .  The 

output  l i s t s  the  s t a r t  da te  f o r  each experiment and t h e  end date ,  weekly 

m~lnhour c3mrflitments f o r  each s k i l l  type, power consulfled per  week, and 

t h e  i n a b i l i t y  t o  schedule c e r t a i n  experiments wi th in  t h e  e s t ab l i shed  

cons t ra in t s .  It a l s o  has the  c a p a b i l i t y  of scheduling experiments a t  

some speci f ied  time delay a f t e r  some p a r t i c u l a r  independent experiment. 

I f  required, t h i s  time delay can take  on t h e  value of zero, s o  t h a t  

c e r t a i n  experiments can be scheduled simultaneously a s  a block. A 

s impl i f ied  log ic  diagram of the  DOES program i s  shown i n  Fig. 5-22. 

Examples of the  p r i n t  out  of t h i s  program a r e  shown i n  Tables 5-13 and 

5-14. With t h e  exception of t h e  "start date" value, Table 5-13 i s  a 
i 

I print-ou-t summary of t h e  da ta  input  f o r  each experiment. The columns i n  

t h e  t a b l e ,  from l e f t  t o  r i g h t ,  show t e s t  number, t i t l e ,  p r i o r i t y ,  start 

da te  (computed output ) ,  time span (weeks), power required (watt-hoxrs/ 

week), hours requi red  of various crew s k i l l s  (man-hours/week), cumulative 

manhours required,  o the r  t e s t  number on which the  t e s t  i s  dependent, and 

the  time delay between t h e  two t e s t s .  The e l e c t r i c a l  and manpower con- 

s t r a i n t s  and requirements were chosen on a per-week b a s i s  t o  take  advan- 

t age  of the  t r a n s i e n t  overload c a p a b i l i t i e s  of the  crew and t h e  e l e c t r i c a l  
- - power subsystem. I f  required a f t e r  t h e  prel iminary grouping and schedul- 

ing, t h i s  time increment can be reduced t o  some more n rec i se  un i t ,  such 
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number : 

1. Physician 

2. Physica l  science experimenter 

3. Biomedical sc ience  experin1entf.r 

4, Undesignated ski1.l 

5. Subject  time, 

Table 5-14 shows the  computed c h a r a c t e r i s t i c s  of the  in teg ra ted  exper i -  

ment program, trbere the  columns, from l e f t  t o  r i g h t ,  show the  week of 

operat ion,  to ta l .  power required,  man-hours per  week of the  various ski l . ls ,  

and the  t o t a l  man-hours f o r  t h e  p a r t i c u l a r  week of experimentation. This 

t a b u l a r  output  can be p l o t t e d  t o  show more r e a d i l y  the  manpower and 

energy p r o f i l e s .  PA sample p l o t ,  F ig .  5-23, shows t h a t  f o r  t h e  f i r s t  

seven weeks, manpower, t h e  most prevalent  c o n s t r a i n t  i s  l imi t ing ;  

however, changes i n  experiments a t  the  seven-week po in t  cause e l ec -  

t r i c a l  power t o  become l i m i t i n g .  This p a r t i c u l a r  schedule is  

i n t e r e s t i n g  i n  t n a t  it suggests  f u r t h e r  schedule optimizat jon o r ,  

f a i l i n g  t o  accomplish the  des i red  r e s u l t  i n  t h i s  manner, an increase  i n  

t h e  capacity of t h e  e l e c t r i c a l  power subsystem. Increases  i n  capacity 

of the  power system imply economic t rade-offs  i n  power system c o s t s  

versus manpower cos t s .  

The DOES program was not  app l i ed  t o  a l l  405 experiments f o r  a l l  veh ic le  

conf igura t ions  because of poss ib le  NASA con t rac t  dup l i ca t ions  of e f f o r t ;  

however, the  program i s  operable, and with the  use  of a space s t a t i o n  

c a p a b i l i t y  matr ix  such a s  sho~.nl i n  Table 5-15, and t h e  p o t e n t i a l  exper i -  

ment assignment l i s t  i n  t h e  Appendix, experiment groupings and schedules 

could be formulated f o r  t h e  e n t i r e  family of multipurpose space s t a t i o n s .  

i s  suggested t h i s  t a s k  be a r t  of a f u t u r e  study. 

OES program i s  r e  ed, it 

cannot accura te ly  p r e d i c t  such time-consl~ming events  a s  equipment o r  

personnel  f a i l u r e s ,  unexpected experiment r e s u l t s ,  experilrent l ead- in  
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and lead-out  tinles, e t c '  Conseqaen"Ly, a need i s  foreseen f o r  the con- 

t inuous avai la 'o i l i iy  f o r  a DOES, o r  e q u i ~ a ~ l e n t ,  prograni aboard each of 

the  space s t a t i o n s  t o  n~inimize overloads o r  underloads t o  t h e  veh ic le  

c a p a b i l i t i e s .  On the  l a r g e r  corkigurat ions,  such a program could be 

b u i l t  i n t o  the  on-board conipu t e r s ,  and 011 the  slnaller, ground-dependent 

systems, the r e s u l t s  of the  program could be made a v a i l a b l e  through t h e  
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5.4 INliERIOR ARRANGEFENT PRIMSOPEN - INTERIM S13ACE STATION 

5.4.1 Cre~ ,  Dis t r ibu t ion  and Scheduling 

The i n t e r i o r  l ayou t  of each compartment of t h e  Interill]  Space S t a t i o n  i s  

dependent upon : 

e The a v a i l a b i l i t y  of' crebninn f o r  experimental o r  s t a t i o n  
opera t ion  functions.  

e The grouping of l i k e  experiments, i .e ,, t he  experiment 
a l l o c a t i o n  per  compartment. 

I n  analyzing the  a v a i l a b i l i t y  of  crewmen, a  model crew d i s t r i b u t i o n  

was es t ab l i shed .  !I%e crew of n ine  men e s t a b l i s h e s  t h r e e  s h i f t s  of  

t h r e e  men each. This means tha,t f o r  any point  i n  tilne, t h e r e  a r e  t h r e e  

men as leep  and s i x  men a c t i v e  a t  s t a t i o n  operat ion,  experimentation o r  

off-duty a c t i v i t y .  The s i x  a c t i v e  creiznen a r e  assumed t o  be d ispersed  

about t h e  six-compartment spaxecraf t  a s  fol lows:  

A. Routine operat ions of  t h e  s t a t i o n  from t h e  con t ro l  compa,rtment c -* 
a r e  considered t o  r e q ~ ~ i r e  one man ir i th another  a v a i l a b l e  a s  an  
a s s i s t a n t  and i n t e r r ~ ~ i t t e n t  replacement. It i s  p r a c t i c a l  f o r  one < t, 
man i n  each s h i f t  t o  be tra,ined i n  t h i s  funct ion .  One of the  
two i s  a l s o  in te rmi t t e l l i ly  a v a i l a b l e  t o  conduct experimentation 
located  i n  the  con t ro l  compartment. 

B, It must be assumed t h a t  a t  l e a s t  two crewmen w i l l  be i n  a bio-  
medical l abora to ry  because of t h e  rou t ine  da ta  c o l l e c t i o n  needs. 
Also, a number of t h e  experiments and measurerrlents r equ i re  a 
sub jec t  and experimenter team. 

C, The t i ~ o  remaining Inen w i l l  p a r t i c i p a t e  i n  experimentation and 
observa,tions i n  the  physica l  sciences l abora to ry  and t h e  
observatory compartment. 

The nine-man crew o f f e r s  a minor problem i n  scheduling. While it i s  

q u i t e  evident  t h a t  th ree  s h i f t s  of  t h r e e  men each ark i n  order ,  t h e  

meal s h i f t  arrangement i s  problematical .  It w a s  deemed inadvisa,ble t o  

e a t  i n  group i n  s u s t a i n i n g  

experimentation. A t  the  o the r  extreme, i f  each were t o  e a t  alone, it 

would involve 27 meals i n  a 24-hour period and it i s  l i k e l y  t h a t  exper i -  

ment schedules would be jeopardized by minor g a l l e y  misha,ps . ?berefore, 

a two man-per-meal arrangement >?as s e t t l e d  upon, even though the  two 



i ~ ~ e a l s  \ r i l l  not  necessa-r.il.y be sil;:i.lar, 3.. e, t h e r e  mzy be one Ivncli and  

one dinner scheduled. 

The accompanying diagram, Fig .  5-24 dep ic t s  a sanple 211-hour scheclule. 

The off-duty time has not been indicated,  a s  t h a t  depth i n  ar ialysis  i s  

lzot germane t o  the  bas ic  i n t e r i o r  a.rrangerl~ent, The space s u i t  s to-c,~ge 

a l l o c a t i o ~ z s  a r e  dependent upon the  foregoing a s  a r e  the  working provi -  

s ions i n  each compa,rtment . 
The men a r e  grouped tolrards t h e  l i v i n g  compartment end of the  s t a t i o n  

and t h e  g r e a t e r  preponderance of  experimental equipment i s  toward t h e  

opposi te  end, with the p r i n c i p a l  docking and resupply a t  the  g r e a t e r  

d is tance  from t h e  creer a,ccol~modations. This s i t u a t i o n  makes i t  poss ib le  

t o  provide rnaximuln rooin 7rhere i t  i s  needed fo r  the  crew -to r e l a x  azid t o  

ca,rry out  t h e i r  rou t ine  ac t iv i . t ies ,  while %he placement of ~ n a j o r  exper i -  

mental equipment need not  be influenced g r e a t l y  by these  r e s t r a i n t s .  

5 + 4 , 2  Work Area C o n f i g ~ r a t i o n  

An examination was made of f l o o r  p a t t e r n s  f o r  equipment i n s t a l l a t i o n  

t h a t  trould y ie ld  a maximurn equipment dens i ty  ~ d i i l e  r e t a i n i n g  30-inch 

a i s l e s  and worlc spaces. Figure 5 -25 shows t h e  conventional annulax 

a i . s le .  With t h e  depth of  t h e  ou te r  r i n g  o f  equipment l imi ted  t o  20 i n ,  

s o  t h a t  t h e  volume l o s t  i n  providing swing-out access t o  the  +rail i s  

not  excessive, t h i s  configurat ion uses 55 percent  of the  f l o o r  a r e a  f o r  

equipment i n s t a l l a t i o n .  The "H" pa t tern ,  s1101m i n  F ig ,  5-26 l o c a l i z e s  

major equipment on t h e  a,xis nor~nal  t o  t h e  s i d e  por t s  a,nd increases  the  

f l o o r  a r e a  used f o r  equip~nent i n s t a l l a t i o n  t o  66 percent .  

I n  the  phys ica l  sciences laboratory,  where there i s  a high equipmerlt 

volume requirement, the  "H" conf igura t ion  i s  en~ployed t o  advantage, It 

a l l o x ~ s  a v e r t i c a l  web across  cen te r  of t h e  labora tory  t o  be u t i l i z e d  both  

as a launch load support member f o r  the  equipment, and a s  a pa . r t i t ion  

capable of r e t a i n i n g  a sma,ll pressure d i f f e r e n t i a l .  This becomes qu i t e  

u s e f u l  i n  designing the  tox ic  ma te r i a l s  cha:nher, 
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FIG. 5-25 WORK AREA CONFIGURATION WITH A N  ANNULAR AISLE 

FIG. 5-26 WORK AREA CONFIGURATION WITH A N  "tl" AISLE 
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5 . 4 . 3  Eper iment  All occition 

Table 5-16 presents  a  summary of the  n~vntser of experiments and t h e j r  

weight and volunle u t i l i z a t i o n  per compartment, The volume u t i l i z a t i o n  

i s  based upon a compartment volumie of 1250 cu f t  including t h e  f l o o r -  

c e i l i n g  interconnect  tube volume of 43 cu f t .  

Tl~e voltme data of Table 5-16 a r e  portrayed g raph ica l ly  i n  a ba r  c h a r t ,  

F ig .  5-27. Occupzncy provisions*, occupancy f o r  both s i x -  and nine-man 

crews, and space s u i t  stowage a r e  a l s o  d?picted i n  the  b a r  c h a r t .  

L i s t s  of t h e  experiments t h a t  have been included i n  t h e  design of each 

of the  s i x  compartments a r e  given i n  Tables 5-17 t h r u  5-22. The exper i -  

ment t i t l e s  and numbers have been se lec ted  from "National Multipurpose 

Space S ta t ion  U t i l i z a t i o n  Outline", dated October 1, 196)t, published by  

t h e  NASA-MSC Space S%ation Study Office.  

5.4.4 I n t e r i o r  Arrangements 

The four labora tory  compartments of t h e  Interim Space S t a t i o n  a r e  shown 

i n  d e t a i l  i n  F igs .  5-28 t h r u  5-31, shotring t h e  placement of t h e  exper i -  

mental equipment previously described.  

5 .4 .4 .1  Physical  Sciences Laboratory 

The i n t e r i o r  arrangernent of t h e  Physical Sciences Laboratory i s  shown i n  

F ig .  5-28. This l abora to ry  i s  pr imar i ly  f o r  t h e  t e s t i n g  of mate r i a l s  

and components. 

Section A-A shows a t e s t  ma te r i a l  preparat ion area  a t  t h e  r i g h t .  To t h e  

l e f t  of the  interconnect  tube i s  equipment used f o r  t h e  physica l  t e s t i n g  

of f l u i d s .  

Section B-B shows a t  t h e  r i g h t  a l a r g e  sample ana lys i s  chamber t h a t  can 

be sealed during t e s t s .  Various pieces of recording and t e s t  equipment 

a r e  loca ted  t o  t h e  l e f t  of the  cen te r l ine  intel-connect tube ,  

The plan view shows usage of t h e  two ex te rna l  hatches.  One i s  used f o r  

exposing mater ia ls  t o  t h e  outside environment; the  o ther  hatch i s  used 

f o r  the  meteoriod guri and reen t ry  model launching. S t  i s  used a l s o  f o r  

"Occupancy provisions:  t h e  number of men who can work o r  funct ion i n  
a compartment. 
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Table 15-17 

EXPERLITBETS SELEC'TXD FOR C O ~ P k R T ~ J T  1, SUnS1'SrmfiE COIG'ARTMENT 

1.1.3.6 Long-Term Animal Exposure 

1.1.3.12 Experimental Aiialysis of Animal Ad justmelit i n  Various 

Degrees of Grav i t a t iona l  Force. 

1.1.3.17 Discrimination & Cornr;~unieation of Animals Under zero-g 

Conditions 

Changes i n  Sex Distr ibution of Offspring Conceived, 

Developed, and Born i n  the  Weightless S t a t e  

Performance & R e l i a b i l i t y  Data of  Secondary Environmental 

Control Sys tem 

Test  of Garbage & Waste Disposal kfethods 

Transient  Ef fec t s  of Varying Heat Load on ECS 

Urine P u r i f i c a t i o n  System Functional. Tests  

Rendezvous and Docking 

Crew Transfer  & Cargo Handling 

Crew & Cargo Transfer  Techniques 

Sol id  Waste Reclamation under Zero-g 

Development of Regenerative Oxygen Supply Systems 

Under Zero-g 

Test  of Regenerative Water Supply System Under Zero-g 
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6-2 

Table 5-18 i, 
EXPERI3iETJTS SEWCTED FOR COJ~~?ARTPPTEI\JT 2, OBSERJrL4TORY 

1.2.4.2 Horizon Spectrometry 

E~trat~erres trial Electrornagile tic Radiation Survey 

Measurement of Earth Origin Electromla.gnetic Radiation 

Spectrum &, Distribution 

Measurements of Local Spacecraft External Atmosphere 

1.4.1.1 Multispectral Sensing of the Terrestrial Surface 

1.4 -1'2 Photography of the Terrestrial Surface 

Monitoring of Earth's Vegetation by IR 

Cartography 

Infrared (7-30 microns) Response of Geologic Materials 

Geographic Studies 

Geodetic Survey 

1 1.4.1.8 Spectral Photographic Response 
I 

1.4.1.111 Determination of Composition and Distribution of Rock 

Types from Infra,red Emission Itis s ion Iniagery 

1.4.1.9 Multispectral Photography, Film Filter Oriented 

1.4.2.2 Multispectral Sensing of Lunar Surfaces 

Photography of Lunar Surfaces 

Infrared-W Spectral Emittance 

2.9.1.11 Evaluation of Stabilization Systems for Laser 

Comnunications 

2.9.1.3 Evaluation of Lock-on Systems for Terrain Reconnaissance 

and Commu~.ication 

2.9.2.4 Techniques for Trailing Test Units from Space Station 

2.9=1.4 Evaluation of Low Range Accelerometers 

Test & Evaluation of Control System Torqueing Devices 

Developnient Tests of Gravity Gradient Components 

Techniques 

Horizon-Scanning Infrared Sensor g 
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Ta11l.e 5-1.8 (cont) 

EXPERIMENTS SELECTED FOE: COi@Ar\TIiQ2UT 2, OBSERVATORY 

2.9.1.7 Gyro Drift Tests 

2.9.1.9 Radiation Sensors to Determine Earth's Vertical 

2.9.1.6 Eva]-uation of Inertial Components 

2.9.1.8 Optical Scanners 

1.3,1.15 Measurement of Lunar Temperatures Using a Spectrometer 

1.3.2.1 Observations of Earth-Surface Detail in 8 to 16 micron 
Band Pass 

1.3.2.2 Elec tro-Optical Experiment 

Radio Astronomy S-tar Resolution 

Spectral Analysis of Star Sources Useful for Space 

Navigation 

Evaluation of Pertinent Factors in High Resolution Space 

Photo Reconnaissance 

Observation of Ionized Cloud in Space 

Stellar Background l~leasurements 

Mapning of Changes in Snow & Ice Coverage 

Monitoring Jet Stream 

~og/~mog Survey and Prediction 

Hurricane Watch 8: Warning 

Clear Air Turbulence Study & Prediction 

Ship Routing and Control 

Search and Rescue 

Navigation Aid for Ships at Sea 

Determine Composition of Soils from Spectral Infrared 

Emission 

Iceberg Position Status 

Tidal. Wave Warning 
--- 

Forest Fire Warning 

Sea Tempera.ture Gradients 

Water Resources Survey 

1L"iineral Survey 
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Table 5-18 (cont) 

EXPERIIbIENTS SELECTED FOR COFPfU?TI\ENT 2, OBSERVA9Y)RY 

3.4.1.10 Optinnmi Use of Habitable Land 

3.4.1.3 Geode tic & Topographic Bhpping 

3.4.1.1 Survey & Dynamic blapping of the Earth's Surface for 

Agricultural Production Estimates 

3.4.2.9 Fish lvTigration 

3.4.1.5 Forestry Survey 

3.4.1.8 Crop Prediction 

3.4.2.1 Oceanography Studies 

3.4.2.2 Remote Sensing of Broad Scale Hydrologic Phenomena 

3.4.2.5 Ocean Currents Analysis 

3.4.1.13 Earthquake Observations 

3.4.1.12 Observation of Volcanic Eruption Effects 

3.4.1.6 Agricultural Survey 

3.4.1.9' Monitor Earth's Vegetation 

3.4.2.10 Whale Migration 

3.4.1.15 Deterti~ination of Conlposition and Distribution of Soil 

Types from Infrared Emlission Imagery 

3.4.1.16 Atmospheric Modification of the Infrared Spectral 

Reflectance and Emittance from Vegetation 

3.4.2.12 Thermal Structure and Patterns of the Ocean Surface 

from Spectral Infrared Emittance 

3.4.2.13 Determination of the Thermal Pattern and Structure of 

the Ocean Surface by Imaging the Emitted Infrared 

Radiation 

Radioactivity Level Survey 

Community Planni 

Industrial Plann 



Table 5-19 

EXPERI1G3iJTS SELECmD FOB COI\PAE:'ITITB=I\TT 3, PKl%ICf& SCIENCES LSONiTORY 

Mi cronle teroid Environment Mapping 

Bubble Chamber Experinlent 

IGcrometeeroid Composition & Vel.ocity 

Projection of Artificial Eeteroids into the Earth's 

Atmosphere 

B1easure:nents of Jet Flow in Vacu.um 

Study of Planetary & Satellite Surface Properties 

Particle-Particle Studies 

Eeat Transfer in Liquids & Gases under Zero-g 

Absorption of Gases by Liq~~ids at Zero-g 

Density Profiles of Liquids i.n the Critical Region 

Static & Motion Tests of Interface Phenomena 

Study of Convective Heat Transfer at Zero-g 

Thermal Conductivity of High Pressure Gases under Zero-g 

Plasm-Electromagnetic Interactions 

High Energy Particle Physics 

1.5.3.3 Study of High Energy Particle Physics Using Spark 

Chamber 

1.5.3.6 Particle-Surface Interactions 

1.5.4.2 Measurement of Rongravitational Forces 

2.1.2.3 Photosynthetic Gas Exchanger Tests 

I? 
kl 2.1.2.8 Fire Extinguishment under Zero or Partial Gravity 

Conditions 

2.1.2.16 Magnetic Radiation Shielding Evaluation 

2.1.2.7 Algae Closed Cycle Life Support Systems 

The Effect on MLxteria,ls of Long-Term Exposure to the 

Space Environment 

2,2.3.2 Tests of Self-sealing Structures 

2.2.1.2 Fatigue Tests of MJleuials after Exposure to Space 

Environment 



Table 5-19 (colit) 
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EXPERSI LENTS SEmCTED FOR CO&IPARTl~iENT 3, PHYSICAL SCTEHCES LABORATOEY 

2.2.1.4 Behavior of Thermal Control Surfaces in Space 

2.2.1.5 Structural Damage Determination Ca,used by Meteroid 

Penetration 

2.2.5.1 Leak Detection & Sealing Techniques 

2.2.1.6 Liquid Lubricant Life under Zero-g and One-Sixth Gravity 

Conditions 

2.2.1.7 Liquid Lubricant Recovery under Zero-g Conditions 

2.2.5.2 Analysis of Outgassing of an Orbiting Space Vehicle by 

use of a Mass Spectrometer 

2.2.1.8 Deterillination of Thermal Conductivities of Materials at' 

Zero - g 

2.2.1.9 Cold Welding of bktals in a Space Environment 

2.2.3.1 Deployment & S-tructural Stability Tests 

2.2.4.2 Deployment & Structural Stability Tests 

2.2.4.3 Radiation Shadow Shield Tests 

2.2.2.6 Radiation Shielding Materials Testing 

2.2.1.19 Fluid & Gas Perrrleability of Various Ela,stomers 

2.3.1.2 Deployment of Foal-Rigidized Solar Collectors 

Deployn~ent & Erection of krge Area Solar Collectors 

Deployment & Erection of Large Area Spaxe Radiators 

Evaluation of Solar Mercury Rankine System 

2.3.1.9 Photovoltaic & Photoemissive Material Deterioration 

Evaluation 

2.3.1.10 High Sensitivity Photo Detectors 

2.4.1.1 Liquid ~ubridant Systems under Zero-g Conditions 

2 Study of Whirl Instabilities in a Hydrodynamic Journ 

Bearing Operating under- Zero-Gravity Conditions 

2.4.2.4 Deployment Devices 

2.4.2.5 Redesign of Mechanical Fasteners 
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Table 5-19 (con t )  

EYd'ERJJ.EI'SrS SFUCTED FOR COI-E'ARTL\LfI\KP 3. PHX!ICJJ., SCIENCES hIBORRTORY 

Zero-G Propel lant  Tank Slosh & Vortexing 

Re -s t a r t  Capabi l i ty  a f t e r  h n g  Exposure t o  Space 

Ion Propulsion ~ecombina,tion 

Leakage of Propella,nts 

Tes t  of Propel lant  Activated Device Components i n  

Space Environment 

Tes t  of an E l e c t r i c  Propulsion Unit 

Evaluation of  Reaction Control Components 

Study of Space Maintenance I4ethods & Tools 

Joining Y f t e r i a l s  & Components i n  Space 

Applica-tion of Thermal Control Coa,tings i n  Space 

Repair of Heat Shield i n  Space 

Determination of Fabr ica t ion & Seal ing Techniques & 

Heat Transfer  Pat terns  f o r  S t r u c t u r a l  P a r t s  

Meteroid H i t  Repair 

Reentry Tests  

Analysis of Maintenance Problems i n  a Zero-g Environment 

Heat Transfer  & Radiation Proper t i e s  of Solid, ISatrix 

& F i l l e d  Thermal 1nsula.tors 

Ef fec t  of Space Environment on Ablat ive Materials  

Fatigue Crack Propagation i n  a Vacuum 

Measurement of So la r  Absorpt iv i ty  & Thermal Emissivity 

of Thermal Control Coating by Spectrophotometry 

Radiation Heat Transfer  

2.2.1.35 Breathing hbde and Fluid  Behavior i n  Zero-G Space 

Enviroment 

2 . 2 + l e 2 0  Polymerization of ~ a s t o m e r i c  Monomers 

2.2.1'21 Decompressional Fatigue of Rubber I4echanical Items 

2,2.2.3 Thermal S t r a i n s  i n  Spaceframe S t ruc tu re  & InsuZatiorl 
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Table 5 -19 (cont ) 

EXElEllli\ENTS SEBCTR, FOR COhPARTI~DIVT 3, PHYSICAL SCJXNCES LABOMTORY 

2.2.2.3 Structural Darnping fiIeasurements 

2.2.5.3 Internal Laboratory Spacecraft Environment Noise 6: 

Vibration Levels 

2.2.1.10 Activation Measurements 

2.2.1.30 The Effects of High Energy Particulate Radiation on 

Selected Materials - Particularly Organic Compounds 
2.2.1.13 Effects of Space Environment on the Wear Properties of 

Metals 

2.2.2.5 Pressure Loss Through Structural Organic Material 

2.2.2.4 Determine Corrosive Effects on Space Station Resulting 

from Propellant Boil-Off 

2.2.1.15 Environment Correlation 

2.2.1.36 Evaluation of Elastomers 

2.2.1.33 Meteroid Effects on  materials and Surfaces 

2.2.1.3b Meteroid Penetration of Materials 
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1.1..1.1 Pulmonary Pathology & Heart Size 

1.1.1.2 Evaluation of Superficial Sensa,tion 

1.1,1..3 Blood Volume 

1.1.1.5 Cardiac Electrical Activity & State 

1.1.1.6 Venous Pressure & Circulation Time 

1.1.1.7 Exercise Test 

1.1.1.8 Cardiac Output & Heart Movement 

1.1.1-.9 Blood & Urine Potassiurn & Sodium 

1.1.1.10 Muscle Function 

1.1 .1.11 Blood Catecholamine 

1.1.1.12 End Expiratory pC02 & p02 

1.1.1.13 Voiding Evaluation 

1.1.1.14 Kidney & Bladder Stone Formation 

1.1.1.15 Red Blood Cell Mass 

1.1.1.16 Eosinophil Count 

1.1.1.17 Capillary Fragility 

1.1.1.18 Visual Fields Evaluation 

1.1.1.19 Incisional Healing & Bleeding Tirne 
i 
J 1.1.1.20 Respiratory Rate 

1.1.1.21 Nucosa.1 Integrity Evaluation 

1.1.1.22 Cardiopulmonary Sjmptons 
4 
1" b 1.1.1.23 Skin Thiclmess 
j 1.1.1.24 Venous Distension 
j .- - 
j 1.1.1.25 Nausea-Regurgitation Evaluation 
3 
4 1.1.1.26 Blood Bilirubin 
% 

1.1.1.27 Body Temperature 
- 

1,1.1.28 Tubular Reabsorption Test 

1.1.1.29 Energy Requirements 

1.1.1.30 Gastrointestinal Tract E-lotility 
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Table 5-20 (cont) 

EXPERILEIJTS SELECTED FOR CON?liRTi4EIdT 4, BIOI43DICkL LT~BOIX'I'ORY 

Color Vision Evaluation 

Urine 17 kg Steroid 

Heart Sounds 

Muscle Size 

Urine & Fecal. Nitrogen 

Reflex Response & Clonus Evaluation 

Bo~?el Function Evaluation & Stool Characteristics 

Vestibular Reaction 

Cortical Activity 

Eating Habits Evaluation 

Pulse Rate 

Autonomic Hyperactivity 

State of Arousal 

Blood & Urine sugar 

Visual Activity, Depth Perception and Accolnodation 

Cerebral Blood Flow 

Urine Bilirubin 

GI Absorption Test 

Urine & Fecal Occult Hemorrhage 

Capillary Morphology Lz C 
Protein Assimilation 

Blood & Urine Chloride 

Blood 17 kg St*eroid 
Prothrombin Time 

Blood, Salivary & Urine Delayed Analysis 

Respiratory Volume 

Bro~nsulphalein (BSP) 

Incidence of Aerotitis Media 

Expiratory-Inspiratory Force 



Table 5-20 (cont ) 

EXPERIFENTS SELECTXE 1701: COI'G'AR~FSJT 4, BIObEDICAL LIIGOiiilTORY 

1.1.1.60 Blood Plasrna Protein Fractionation 

1.1.1.61 ~ o m e r u l a r  F i l t r a t i o n  Test 

1.1.1.62 Blood Alkaline Phosphate 

1.1.1.63 Tubular Excretion Test 

1.1.1.64 Con~plete ~ l o o d  Cel l  Count 

1.1.1.65 Oxygen Upta,ke and Carbon Dioxide Production 

1.1.1..66 ~ l o o d  Pressure 

1.1.1.67 Fluid Intake and Output Evaluation 

1.1.1.68 ~l .ood ~s~no l - ax i t y  

1.1.1.69 RBC Uptake I 125 
1.1..1.70 Oxygen Uptake by Red B.lood Cells  

1.1.1.71 Blood -Urea Nitrogen 

1.1.1.72 Visual 11lu.sion Evaluation 

1.1.1.73 Hearing 

1.1.1.74 Jo in t  Motion Range 

1.1.1.75 Urinary Albumin 

1.1.1-‘76 Bacteria Smears and Cultures 

1.1.1.77 Red B l o ~ d  Cel l  Survival  

1.1.1.78 Blood ATP 

1.1.1.79 Ret inal  Exa~nination 

1.1.1.80 Urine Ca,te cholarnine 

1,1.1.81 Pulse Wave Velocity 

1.1.1.82 - 

1.1.1.83 on and Passage 

1.1.1.84 Venous ~ c o ~ ,  PO*, PH 

1.1.1.85 Muscle Act iv i ty  and S t a t e  

1.1.1.86 General Physical Exalnination 

1.1.1.87 Bone Density 

1.1.1.88 Blood and Urine Crea.tinine 

l . l ,1 .89 Hcrnog.Libin and Eematocrit 
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Table 5 -20 (cont ) 
EXPERIMENTS SEL;E'CED FOR COI-PARTbiFWI! 4, BIOi?EDIClLG L4BOMTORY 

1*1.1.91 Urinalysis 

l*lel-92 Total Body Water 

1.1.1.93 Calcium Balance Study 

1.1.1.94 Comparison of the Usefulness of the Ballistocardiograph 

& the ITibrocardiograph 

Evoked Electromyography during Weightlessness 

Toxiological Studies of Respiratory Gases in Manned 

Spacecraft 

1.1.2.1 Distant Static Depth Perception 

Detection of Light Touch 

Brightness Detection/Discrimination 

Association 

1.1.2.9 Sound Localization 

1.l.2.11 Detection of ~eat/~old 

1.1.2.12 Pain Detection 

1.1.2.13 Olfaction - 

1.1.2.14 Texture Discrimination 

1.1.2.15 Detection/Discrimination of Linear & Angular Acceleration 

1.1.2.16 Inductive Reasoning 

1.1.2.17 Detection/Discrimina,tion of Force Against Limb 

1.1.2.18 ~rm/~and/~inger Reaction Time & Speed Control 

1.1.2.20 Leg Control of Force 

th Perception 
-- - 

ition 

Peripheral ~isual/Detection/Discrimination 

tection/Discrimin 

ger Ivlanipulat ion 

1.1*2.33 Speech and Speech Perception 

1.1.3.1. Embryology at Zero-g 

,- 

LOCKHEED 70 
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Table 5-20 (colit) 

EaERumJTS SELECTED FOR COi.P~~T?-El?T 4, B~O!~EDLCAI, MBoRATORY 

1.1.3,3 Micro-Orgaaisni Exposure t o  Space Environment 

1.1.3.5 Plant  Physiology 

1.1.3.7 The Independent & Synergis t ic  Effects  of Radiation and 

Zero-Gravity on Di f fe ren t ia t ion  i n  the  Flour Beetle 

1 .1 .3JO Effect  of Weightlessness on Dividing Hullan Cells  i n  

Culture 

1.1.3.15 The Function & Dysfunction of t he  Gravity-Sensi.tive 

Organ i n  Zero-G 

1.1.3.16 Effect  of t he  Space Environment on the  Feeding, Survival, 

and Reproduction of Daphnia Pulex 

1.1.3.18 A Study of Photosynthetic Action Spectra During Exposure 

of Algae Cultures t o  True Space 11-lumination 

1.1.3.24 Collecting a,nd Sampling of I'vEcroorganisms i n  Near-Earth 

Orbits  

4.5.2.1 Conditioning Before Re-Entry f o r  Returning Spacecraft 

Crews 

4.5.1.1 Quarantine f o r  Returning Spacecra,ft Crews 

4.5.2.2 Medical Aid f o r  Returning Spacecraft Crews 
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Table 5-21 

EXPERSJ-ERTS SETZCTED FOR COIv'IPiiFi'i'i~,mTT 5, C01'3TRQL 6014PARTbELaT 

1.1.2.2 Dynamic Depth Perception 

Decision &laking 

Cue Abstraction 

Problem Solving 

Tone Pattern Discrimination 

Visual-14otor Tracking 

Visual Resol~ztion of Detaril 

Tone Audition 

Color ~etection/~iscrimination 

Time Perception 

1.1.2.30 Computation 

1.1.2.29 Complex Pattern Discrimination 

1.1.2.31. Learned Procedure 

1,1*2.34 Perceptual Set 

4.2.2.2 Evaluation of Ground Training Techniques for Space Crews 

4.2.2.1 Feasibility of using Space Station for Tra,ining, Training 

Simulators tk Devices 

1.5,2.2 Study of Atmospheric Effects on Electromagnetic Wave 

Propagation 

Deterrnination of the Frequency Distribution of Cosmic 

Noise 

.5.2.11 Millimeter Wavelength Space Propagation 14easurements 

2.1.3.1 Tests of Personnel Restraint Equipment 
-- 

2.3.1.6 Evaluation of Petal Type (~unflo~~er ) Solar Dynamic 

Sys tem 

2.3.1.11 Solar Therrnionic Static Power Generating System 
- 

2,5,1.1 Advanced Guidance System Evaluation 

2*5.2'1 Development of Space Navigational Aids tk Techniques 

2.5.2.5 Navigation Fixes with Si~ilple Instruments 
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Table 5-21 ( c o n t )  

E)=PERD\EltTS SETZCrED Ia'O13 CO!4PfiRTJ.EIVT 5, CONTROL COTCPl\RTI4EFl? 

2.5.2.3 Cornparat ive  Evaluation of  Navi ga'iion Teclini yues 

2.5.2.4 Demonstrati.on of Rel iable  Autonomous Navigation Capabil i ty 

2.6.1.2 Free Space Antenna P a t t e r n  Determination 

2.6.1.4 Re-entry Communica%i.ons Tes t ing  

2.6.1.9 b g n e t i c  Ef fec t s  on Cormunication Systems 

2 .8 .3 , l  Nuclear Propulsion Techniques 

Ta,bl.e 5 -22 

EXPERLI4El\TTS SELFCTED FOR CO1"PARTbENT 6, CREW QUARLTHS 

2.1.3.1 Tests  of Personnel R e s t r a i n t  Equipment 
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the  extra-vellicula?- experirllenls with t he  hard space s u i z  :;hewn f ~ n  the 

r i g h t  por t ion of Section C-C. Section C-C a l s o  shows l i f e  sal)por-t and 

propulsion back paclis i i z  t h i s  a rea ,  The l e f t  por t ion siioi.is tools,  

t e s t  equipnent, and expandable and i n f l a t a b l e  s t r uc tu r e s  . 
The stowage of experi.menta1 solar  panels, s a t e l l i t e  and checlrout 

equipmentJ and algae cu l tu re  containers i s  shorn i n  sect,ion D-D, 

Certain t e s t s  performed i n  t h i s  comnpart.ment require  t he  use o f  fue l s  

and oxidizers.  !i'hese a r e  stored i n  sealed compartments sepazate from 

each o ther  and t he  cabin atmosphere; they a r e  vented t o  t he  ex te rna l  

environment . 
This compartment has stowage space f o r  one operat ional  space s u i t .  

5.4.4.2 Biomedical Labpratory - 
The biomedical l abora to ry  f o r  the  Interim Modular Space S t a t i on  is 

shown on Fig. 5 -29. A perspective view of t h i s  compartment Is shown 

on Fig. 5-30. The t e s t s  and equipment slio~~m i n  t h i s  compa,rtment a r e  

f o r  the  physical  and medical t e s t i n g  of man, and b io log ica l  t e s t i n g  

of t i s sue s  and ce r t a i n  insec t s .  

Section A-A of Fig .  5-29 shows the examining chair - table  combination 

which i s  equipped t o  perform ball is tocardiograms.  Various stowage 

areas  a r e  shown t o  the  r i g h t  of t he  cha i r .  A micro-organism co l lec to r  

u n i t  is  extended out through one of the  universa l  hatches. 

Section C-C shows t he  laboratory  analys is  area .  I n  t h i s  area, analy- 

sis of samples i s  performed and s l i d e  preparation and microscopic 

examination i s  accomplished. To the  l e f t  of t h i s  area i s  a stowed space 

s u i t  t h a t  i s  a c t u a l l y  on the  f a r  wall.  Stowage f o r  two space s u i t s  i s  

provided i n  t he  compartment. The l e f t  por t ion of t h i s  sec t ion  shows the  

experimental f i lm  processing area .  A fo lding door around t h i s  area, 

creates  a  darkroorn . 
Section D-D shows the  physical  examining a rea .  Along wi th  the  e lec t ron ic  

t e s t  equipment i s  an axtomated v i sua l  t e s t  device, To the  r i g h t  of the  
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interconnect  tube i s  a, stowed por table  X-ray machine and beyond t h i s  i s  

a bicycle ergometer which can be stowed when no t  i n  use ,  A s a f e  f o r  

s torage of medical and experimental radioact ive  mater ia ls  i s  located 

behind t he  ergometer. 

5.4.4.3 Observatorx 

The i n t e r i o r  arrangement of the  observatory i s  shown oil Fig .  5-31. 
Being an observatory, a good por t ion of the  sensors must have openings 

through the  externa.1 pressure wall.  The equipment i s  mounted aga ins t  

the  w a l l  but i s  quiclily removable i n  case of necess i ty  f o r  puncture 

r epa i r ,  

View A-A shows in f ra red  and u l t r a v i o l e t  radiometers mounted on a . s t a b l e  

platform located t o  view through windows. A camera i s  located above 

f o r  data recording. Elect ronic  consoles f i l l  the  next areas  along with 

a computer and tape deck. To the  r i g h t  of center  a r e  the  e lec t ron ic  

components t h a t  a r e  re la ted  t o  t e s t s  performed on t he  s t a b l e  platform 

a t  the  extreme r i g h t .  Two f i l m  viewer s t a t i o n s  a r e  i n  t h i s  a rea .  One 

i s  a d i r e c t  viewer with a screen and the  other  i s  a s t e r eo  viewer. 

Storage as  indicated i s  below t h i s  equipment. 

Vie.r.r B-B sho.crs a high-resolution telescope inse r ted  i n  the  universa l  

hatch. The cabinets  t o  the  r i g h t  house experimental equipment, gyros, 

e t c .  Film supplies and processing equipment a r e  next i n  l i n e .  The 

f r ee  body t e s t  un i t s  a r e  stowed i n  t he  next cabinets .  They a r e  smal l  

s a t e l l i t e s  t h a t  a r e  checked out  on the  t ab l e  a t  the  r i g h t  of the  stowed 

space s u i t .  Below the  t a b l e  i s  the  stowed l a s e r  communications pod. 

The ex te rna l  hatch i s  used f o r  t he  l a s e r  pod and i s  a l s o  used f o r  the  

f r e e  body t e s t  un i t s  t h a t  a r e  inse r ted  i n t o  the  hatch and picked up by 

the  extendable probe. The probe i s  extended and t he  t e s t  u n i t  i s  

released i n t o  f r e e  space. Above the ex te rna l  hatch i s  a spo t t ing  

telescope f o r  use as a pointing a i d  f o r  o ther  o p t i c a l  equipment. The 

universa l  hatch has a, twin  camera telescope mounted i n  it. Di rec t ly  

above t h i s  i s  an in f ra red  scanner. Film storage cases a r e  mounted 
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a g a i n s t  the  access tube inteYconnect i n  t h e  center  of ille comnpartment. 

A bank of t h r e e  d i sk  mtennas  i s  n~ounted ex te rna l ly ,  

5.4.4.4 Control Co~npart.ilent 

The con t ro l  compartment a s  designed f o r  t h e  Interim Space S t a t i o n  is 

shown on Fig.  5-32. Three space s u i t s  can be s to red  i n  t h i s  compsrtment. 

View B-B shows t h e  main con t ro l  console from which decisions concerning 

t h e  on-board subsystems a r e  made. CommunicaJcions a r e  a l s o  handled from 

t h i s  a rea .  The l e f t  s ide  of view B-B shows t h e  psychological t e s t i n g  

area  vhich can be closed off  from t h e  r e s t  of t h e  s t a t i o n  by a 

fo ld ing door. 

The l e f t  s i d e  of view D-D shows groups of e lec t ron ic  t e s t  equipment and 

recorders t o  t a b u l a t e  r e s u l t s .  The r i g h t  s i d e  of t h i s  v iev  has t h e  

experimental con t ro l  console. Among experiments here i s  a simulated 

con t ro l  console f o r  the  t r a i n i n g  of crew members i n  s t a t i o n  opera%ion. 

An ex te rna l  antenna i s  loca ted  i n  one un iversa l  hatch and t h e  o ther  

hatch  mounts a s o l a r  concentrator  f o r  use a s  an experimental. source of 

e l e c t r i c a l  energy. 

< A l l , <  9 I,. I , P . , N Y  
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The effectiveness of an earth-orbiting laboratory or space station can 

be evaluated in terms of its ability to accornniodate candidate 

experiments or perform the proposed applications. Section 5.2 has 

previously described the individual application requirernents; these 

requirements as irriposed on the laboratories/space stations, subsystems, 

,and crew are summarized in the following section, and the capabilities 

of the IvIodular Pfultipmpose @axe Station configurations to support and 

perform the applications are described. 

5.5.1 Application Requirements 

The individual application descriptions and requirements for this study 

are given in Section 5.2.  For final integration into the space stations, 

the following requirements would be specified. 

Orbit Altitude and Inclination. Orbit parameter requirements are the 

most exacting for the earth-oriented missions. Photographic missions, 

for example, can be enhanced by a lower alti-tude and higher inclination 

for increased resolution and coverage. Long duration missions can better 

be achieved at a higher altitude to offset drag and the resultant 

propellant penalties. Earth-to-earth communication applications dictate 

the use of a synchronous orbit. The numerous zero-gravity experiments 

have no particular orbit requirements. 

Stabilization and Pointing. The space viewing applications impose the 

most severe requirements in terms of sensor apparatus stability and 

pointing accuracy. The severity of this requirement in many cases 

dictates the use of separately stabilized platforms and possibly the 

tethering of individual experiment packages. The disturbances due to 

station mechanical subsystems and crew movements is a subject for further 

detailed analysis. 

Location and Access. Particular experiments have specific location 

requirements by nature of the performance required, e.g., internal or 
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ex te rna l  t o  the  s t a t i o n  o r  experimental su.bsystems i n  tile subsysLerns .-* 

compart.nient. Others can be located  only a f t e r  d e i a i l e d  s t a t i o n  layouts  

E 
a r e  crea ted  t o  mininlize crew niovernents and t o  optimize s t a t i o n  volume 

u t i l i z a t i o n .  

Windows. - Spec ia l  design problems a r e  c rea ted  d len  remote sensing of d a t a  

must be a c c o ~ ~ p l i s h e d  by apparatus loca ted  wi th in  t h e  s t a t i o n .  Optical  

and thermal d i s t o r t i o n s  and f i l t e r i n g  e f f e c t s  must be cons tant ly  

evaluated t o  insure  experiment performance s a t i s f a c t i o n .  ltro u n i v e r s a l  

hatches a r e  provided i n  each compartment; every e f f o r t  should be made t o  F-4 

l oca te  experiments r equ i r ing  access  t o  space so  t h a t  these  hatches can be 

used. 

Shiel-ding. - Individual. equipment may requ i re  p ro tec t ion  from space 

environment r ad ia t ion ,  thermal r a d i a t i o n  and subsystem electromagnetic 

in te r fe rence  i n  a d d i t i o n  t o  the  sh ie ld ing  e f f e c t s  of t h e  s t a t i o n  s t r u c t u r e  

and i n s t a l l e d  equipment. Shielding of t h e  crew from space environment 

r a d i a t i o n  e f f e c t s  w i l l  be a  more s i g n i f i c a n t  problem i n  some o r b i t s .  
p 
LA 

Tes t  Equipment. The individua,l  experiments r equ i re  support ing t e s t  

equipment which i n  some ins tances  is  dup l i ca t ive  with o t h e r  experiments. 

A f u r t h e r  d e t a i l e d  study of the  t e s t  equipment would r e s u l t  i n  some 

reduction i n  t h e  experiment weight requirements. 

P re - requ i s i t e  and Simultaneous Experimentation. The value of p a r t i c u l a r  

experiments i s  d i r e c t l y  r e l a t e d  t o  o the r  experimentation o r  measurements 

being performed. Mapping appl ica t ions ,  f o r  example, w i l l  be be enhanced 

by accurate time and pos i t ion  information and t h e  development t e s t i n g  of 

such equipment should be given precedence. Biomedical experiments a r e  

o f t e n  i n t e r - r e l a t e d ,  t h e  d a t a  from one experiment con t r ibu t ing  t o  t h e  p 
value of a  subsequent one. 

&id 

Power. E l e c t r i c a l  power i s  requi red  f o r  experiment wa,rm-up, standby, f!! Z 

and normal opera t ion .  Individual  experiment power p r o f i l e s  must be 

prepared which can be scheduled f o r  e f f i c i e n t  u t i l i z a t i o n  of the  s t a t i o n  6;" p& 
power. Power requirements w i l l  be sta,ted i n  terms of voltage and 
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vol tage  regula t ion ,  frequency regu la t ion  (where app l i cab le ) ,  amperage, 

and t o t a l  energy. S ta r t -up  a,nd o the r  load t r a n s i e n t s  and t h e i r  e f f e c t s  

on o the r  subsystems and exper in~ents  must be considered. 

Environment. Environmental requirements of t h e  experiments a r e  genera l ly  - 
no t  severe. A few experiments, employing s e n s i t i v e  sensors, r equ i re  

s p e c i a l  low temperatures o r  p rec i se  temperature con t ro l .  Atmosphere 

composition and pressure  a r e  c r i t i c a l  p r i n c i p a l l y  t o  t h e  experimenter.  

Data Col lec t ion  and Handling. The applica, t ions must be def ined i n  terms .-- 

of information sensed, r a t e  of sensing, and quan t i ty  of d-ata t o  be stored,  

processed o r  t r a n s f e r r e d  by the  da.ta management subsystem. Information 

t o  be displayed must be determined and t h e  r e l a t e d  monitoring requi re-  

ments assessed t o  avoid excessive derriands being imposed upon the  crew. 

Experiment Di~ty Cycle. The maximurn u t i l i z a t i o n  of crew t ime f o r  

experiment performance i s  a bas ic  mission ob jec t ive .  Accordingly, t h i s  

can be accomplished only if the  exact  time and a c t i o n  requirements of 

each experiment a r e  spec i f i ed  i n  advance. Complete desc r ip t ions  of the  

s t e p s  t o  be performed i n  each experiment a r e  requi red  along with t h e  time 

increments associa ted  with each. The complexity of achieving optimum 

crew time u t i l i z a t i o n  requ i res  computer so lu t ions .  

Crew S k i l l s .  The value of an  experiment i n  many ins tances  w i l l  be -- 
propor t ional  t o  t h e  s k i l l  and t e c h n i c a l  background of the  observer. 

Each experiment and app l i ca t ion  should suggest  i n  i t s  desc r ip t ion  t h e  

type  of observer who would be  knowledgeable of t h e  s u b t l e t i e s  of the 

phenomena observed. 

5.5.2 Mission Capab i l i t i e s  

Mission c a p a b i l i t i e s  of t h e  Modular Multipurpose Space S t a t i o n  

conf igura t ions  a r e  given i n  Table 5-23. The low i n c l i n a t i o n  o r b i t  

P P ~  i s s i o n s ' ,  t h e  po la r  and sy  

nous, which g ive  respectj-vely increased g lobal  coverage and increased 

communication c a p a b i l i t i e s .  Other s p e c i a l  mission o r b i t s ,  such a s  

Lranslunar, circumlunar and ma.xirnum e l l i p t i c  0u.t of the  plane of t h e  
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ecliptic are distinct possibilties, but are not analyzed in this study. 

The payload available for experitzental equipment is based on the nominal 

mission durations; the variation in payload available with change in 

mission duration is illustrated in Section 3.4, Weight Analysis. The 

volume available for experiments and applications is more difficult to 

asseqs. The gross pressurized volume must be reduced to account for 

necessary living, aisle, and subsystem space requirements. A compartment 

devoted entirely to experimentation could be expected to achieve a 

maximum of 60 to 65 percent volume utilization. Compartments combining 

experimental and operational functions would correspondingly obtain lesser 

volume utilization. 

The capability of the modular laboratory and space station subsystems to 

provide necessary ex~e~iment inputs and conditions can be ascertained 

from the Subsystem Specifications, Section 4.2. Brief discussions of the 

subsystem and crew support of experiments are given in the following 
I 
I paragraphs. 

I Environmental Control and Life Support. Environmental Control Subsystem 
I -- 

support of Modular Multipurpose Space Station experiments and applications 
I 
I normally consists of providing heating, cooling, pressurization, and 

i contaminant removal. Special sensor and detector cooling will be provided 

I by independent cryogenic subsystems that must be considered as part of the 

experimental equipment. The extent to which these functions can be 

accomplished and controll-ed are stated in Section 4.2.1. Performance of 

i the Environmental Control Subsystem generally affects the experimenter 

more directly than it does the physical experiment apparatus; experiments 
I 
1 requiring precise temperature control for dimension stability are an 
I 
I 

1 exception. 

Electrical Power. Electrical power for experiment operation is provided 

form of regulated and unregulated direct-current power and 

alternating-current power to the tolerances given in Section 4.2.3. The 
design approach is to distribute this power throughout the stations on a 

central bus; experiments requiring additional voltage or more precise 
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power characteristics niust provide their. miin conversion or regulation 

components. Pover available for experiments ranges from 0.4 kw for the 
One-Compartment Laboratory to 10 lnr. for the Operational Modular Space 

Station. 

Communications, Conmnd and Tracking. The Communications, Conmnd, and 

Tracking Subsystem will have the capacity to transmit to the ground the 

required quantities of experimental data. consistent with the coverage k- 

obtainable with the anticipated ground communications network of receiving 
@g 

stations. Considerable data. compaction must have taken place previously 

either manually or in the Data Management Subsystem. 

Data Management and Displays. -- The Data Management and Displays Subsystem 

will provide the necessary monitoring, storing and displaying of 

experimental data. Because the experimental data quantities need to be 

further defined, the required subsystem capacity is difficult to predict; 

the data handling capacity of' the subsystem as currently estimated is 

given in Section 3.4.4. 

iavigation and Guidance. The Navigation and Guidance Sabsystern will 

provide station position and time correlation to support earth and space 

observations. In addition, a local vertical reference will be established 

to provide a basis for Stability and Control Subsystem determinations of 

station attitude. The accuracies to which these parameters are expected 

to be measured are stated in Section 4.2.6. 

Stabilization and Control. The Stabilization and Control Subsystem will 

provide station orientatio~~ data; the magnitude of station and experiment 

pointing accuracies obtainable are given in Section 4.2.5. Reduction of 

station accelerations will be accomplished in support of those experiments 

requiring zero gravity data, Angular drift will be controlled within 

olerances stated in Section 4.2.5 by use of reaction jets and moment 

exchange wheels. 

I 

Crew. Tne crew sizes vary from 3 (0n~-Corn~~artrnent Depencient Laboratory) - 
to 36 (~perational. Modular Idultipurpose Space station). The manhours 

expected to be available per crew member is a function of the arriount of 

LOCKHEED 
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s t a t i o n  o p e r a t i o n a l  duty requj  red ,  An i n c r e a s e .  i n  s t a t i o n  s i z e  

g e n e r a l l y  reduces t h e  individua2. t ime requircii~erits f o r  non-experimental 

a c t i v i t i e s .  An e s t ima te  of experimental manhours a v a i l a b l e  wi th  va ry ing  

crew s i z e  i s  shown i n  Fig.  5-33. 

Original. s t udy  schedu.ling of experiments  ( s e c t i o n  5 .4)  hypotliesized t h a t  

t h r e e  d i f f  ereli t  s k i l i s  were avai la ,ble  f roln t h e  crew, i. e . ,  ' p h y s i c i a n ' ,  

' p h y s i c a l  s c i e n t i s t  ', and 'biomedical  s c i e n t i s t  ' . Later  examination of 

experiments showed t h e  a d v i s a b i l i t y  of  having some very s p e c i a l i z e d  
i 

C 
pe r sonne l  i n  t h e  p h y s i c a l  s c i ences  a r ea ,  such as astronomers and atmosphere 

i p h y s i c i s t s  on board t h e  l a b o r a t o r j e s  and space s t a t i o n s .  The matching of 

i crew s k i l l s  and experiment requirements  is  a t a s k  f o r  f u t u r e  s tudy .  

EXPERIMENTAL 
MANHOllRS 
AVAI LADLE 
PER WEEK 

CREW SIZE -- - - 

FIG, 5-33 EXPERlIzr\FPd'rAL MANHOUR AVAI W,BI IITY 
AS A FUNCTION OF SYA'l"lOt\l CREW SIZE 
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The developrrient plan f o r  t he  Modular Ymltipirpose Space S ta t ion  

includes schedules with p r inc ipa l  nlllestones and program cos t s  i n  t h e  

NASA-suggested format f o r  each space s t a t i o n  configuration,  Obher 

development planning items, such as manufacturing, f a c i l i t i e s ,  and t r ans -  

por ta t ion,  a r e  generally s imi la r  t o  those covered i n  other  It4SA s tud ies  

and a r e  not repea,ted i n  t h i s  conceptual study. 

The qua,ntity requirements of eaxh c o ~ f i g u r a t i o n  can be estimated only 

a f t e r  an approved lrission t a s k  model i s  produced and analyzed. As a 

r e su l t ,  t h e  schedules and cost  est imates a r e  based on t h e  development 

of one f l i g h t  a r t i c l e  i n  each configuration. Wherever possible,  mimm 

advantage i s  taken of t he  modular o r  sequent ia l  growth; consequently, 

t h e  development and t e s t  schedules and cos t s  a r e  sharply reduced i n  t h e  

l a t e r  configura;tions. A l l  bas ic  subsystem development and t e s t  i s  accom- 

plished f o r  the  Two-Compartment Independent Laboratory, and t h i s  e f  f 01% 

i s  re f lec ted  i n  both t h e  schedule and t h e  development cos t s ,  

The development schedules a r e  based on a nominal launch schedule sug- 

gested by t h e  Ma,nned Spacecraft Center, These 1a;unch dates  a r e  : 

One-Compartment &pendent Iaborat  ory - 1970-71 

Two-Compartment Independent Iaborat  o r -  - 1972-73 

Interim Space Sta t ion - 1.974 
Operational Sp;2ce Sta t ion - 1976-80 

of each vehicle and t he  succeeding configuration; however, t he  schedule 

overlap i s  never serious enough t o  preclude t he  incorporation of desj.gn 

improverwnts resu l t ing  from f l i g h t  experience, 
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The overa l l  development schedule f o r  t h e  Modular Space Sta t ion program 

and i t s  re la t ionsh ip  t o  t he  Apollo Extension System i s  sham i n  Figure 6-1, 
Each of t h e  fou r  individual vehlcle schedules i s  then  presented i n  grea,ter 

d e t a i l ,  and t he  subsystems and developmei~t a r t i c l e s  a r e  described i n  t h e  

follo\.ring paragraphs. 

6'1.1 One-Compartment &pendent L3.bora,t ory 

The One-Compal-tmnent Bpendent Laboratory development schedule, Figure 6-2, 

begins wi th  a program de f in i t i on  e f f o r t  which encompa,sses the  t o t a l  modu- 

l a r  space s t a t i o n  program. 

This laboratory i s  dependent primarily on t h e  subsystems i n  t he  Apollo 

spacecraft ,  hence, t he  development e f f o r t  1.s confined la rge ly  t o  t he  

module s t ruc tu r e  and t he  extension of t h e  Apollo subsystems t o  accommo- 

date t he  longer laboratory missions and t h e  extended volume of t h e  

combination. 

6.1.1 .I Structure  

Struct-ma1 development e f f o r t  i s  extensive on t h i s  module since t h e  

s t ruc ture  must be f l i g h t  ra ted f o r  t he  severes t  load conditions a n t i c i -  

pated f o r  t h e  succeeding configurations. Loads ana lys i s  and s t ructura . l  

t e s t i n g  on t h i s  module  ill therefore  include a l l  bas ic  loads f o r  each 

configuration as  ell a s  fa t igue,  acoust ics ,  vibration,  shock, and t h e  

mater ia ls  t e s t s  desig e compatibil i ty with t h e  space 

6.1.1.2 Environment Control and Life Support Subsystem 
i 

Environmental control  and l i f e  support i s  dependent bas ica l ly  upon t he  I 
! 

equipment i n  t he  Apollo command and service  modules; however, t h i s  equip- 

st be supplemented fo r  module thermal and atmospheric con t ro l  and 
- = 3 -  ti3 , - - 

it must be increased i n  capacity f o r  t he  115-day mission. This require-  s 
i 

men% f o r  increased environmental control  subsyetern capacity > r i l l  be met 

by t h e  use of add i t iona l  un i t s  of the  basic  Apollo s~ibsystern, Equipment 

repackaging and ins ta , l la t ion i n  t he  1-aboratory compartment i r i l l  be necessary, I'I' 
96 
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6; 1.1. 3 Iristrur!!enta-tion and Di sp l ay  Subsys1;ern -- --- 
The b a s i c  Apollo i n s t rumen ta t ion  and d i s p l a y s  w i l l  be adequate  for' a11 

f l i g h t  ope ra t ions ;  ho~,~eves-, a n  ins t rumenta t ion  and d i s p l a y  subsystem must 

be provided f o r  experiments,  co~r~partrflent enviroizmental condi t ions ,  e x t r a -  

veh icu la r  a c t i v i t i e s  and docking, la tch-up,  and s e a l i n g .  

6.1.1.4 Data Iilaliagement Subsystem ---- 

The A.pollo co~nrnand module d a t a  aianagement p rov i s ions  w i l l  be u t i l i z e d  

e s s e n t i a l l y  without  modif i c a t i o n .  Addit j  o n a l  data, s t o r a g e  p r o v i s i o n s  a r e  

d i c t a t e d  by t h e  exper imenta l  f l i g h t  r o l e  an6  t h e  l i m i t e d  corn~nunication 

time. 

6.1.1.5 Comm~rnicatlons, -- Command and Tracking Subsystem - 

The cormnand module p rov ides  a l l  nla j o r  communica Lion equipment. There is ,  

however, some minor e f f o r t  required t o  provide  t h e  intercom between t h e  

labora- tory and t h e  coinrnarid rnodule and t h e  remote c o n t r o l  of f l i g h t  equip-  

ment i n  t h e  cormnand module. 

6.1.1.6, Ravi ga t ion  and Guidance Subsystem - - 
The Apollo command and servi-ce rnodule nav iga t ion  and guidance p rov i s ions  

a r e  gene ra l ly  adequate  f o r  t h e  One-Col!!partrnen t Dspendent Laboratory 

program. Minor modi f ica t ion  and repackaging w i l l  be r equ i r ed  t o  permi t  

on-board maintenance and r e p a i r ,  and a horizon sensor  rcust be added f o r  

cont inuous a t t i t u d e  r e f e r e n c e  f o r  conserving crew ope ra t ing  t i n e ,  

6.1.1.7 S t a b i l i z a t i o n  and Cont ro l  Subsystem 

The performance of t h e  s t a b i l i z a t i o n  and c o n t r o l  subsystem i n  t h e  Apollo 

cor~fland and s e r v i c e  'modules i s  adequate f o r  t h e  O n e 4  oclpartment Dependent 

Lsboratory.  Some repackaging w i l l  be r equ i r ed  t o  f a c i l i t a t e  equipment 

r e p a i r  and maintenance on t h e  45-day missions.  

U 6.1.1.8 E l e c t r i c  Power Subsystenl 

The Apc~llo s e r v i c e  rnodule provides  a p o r t i o n  of t h e  e l e c t r i c  power f o r  t h e  n 
ki4 One-Co~riliartrnent L1::per;dent 1,aboratory with t h e  remainder being suppl iet i  by 
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Apol lo  f u e l  c e l l s  mounted on t h e  module. Early a c t i o n  i s  required t o  

erisure t h a t  f u e l  c e l l s  a r e  ava i l ab le  i n  time f o r  the system t e s t .  Appx-ox- 

i c ~ a t e l y  12 months a r e  requi red  f o r  de l ive ry  of a f u e l  c e l l  a f t e r  i t s  

spec i f i ca t ion  i s  re l eased  and procurement i s  i n i t i a t e d .  

6.1.1.9 Propulsion Subsystem - 

The propulsion subsystem i n  t h e  Apollo se rv ice  module i s  adequate f o r  

o r b i t  i n j e c t i o n  and a t t i t u d e  c o n t r o l  of t h e  One-bmpartment Laboratory. 

Addit ional  propellal l t  and pressurant  gas tankage w i l l  be necessary and a 

thorough r e l i a b i l i t y  ana lys i s  subs tan t i a t ed  by t e s t  d a t a  w i l l  be needed 

t o  e s t a b l i s h  redundancy, spares,  and main ta inab i l i ty  requirements. 

6.1.1.10 Crew Subsystems 

Basic l i v i n g  q u a r t e r s  a r e  provided by t h e  cormnand module bu t  somf modifi- 

ca t ion  w i l l  be requi red  t o  ensure t h a t  a l l  equipment i s  s i z e d  t o  accornmo- 
& 

d a t e  th ree  men f o r  a maximum per iod of 45 days without resupply. 
P 

6.1.1.11 Proof A r t i c l e s  

Proof a r t i c l e s  a r e  provided f o r  engineering development, s t a t i c  t e s t ,  

dynamic t e s t ,  complete Environrnen-tal- b n t r o l  Subsystem checkout, sub- 

system in tegra t ion ,  t r anspor ta t ion  and handling equipment t e s t s ,  and 

t r a i n i n g .  A s e r i e s  of wooden moclmps be u t i l i z e d  f o r  subsystem 

i n t e g r a t i o n  and system development. 

One complete wooden mock-up of the  i n t e r i o r  and e x t e r i o r  of t h e  labora tory  

w i l l  be used as an engineering developnient t o o l .  This mockup w i l l  contain 

crew s t a t i o n s ,  work and r e s t  a reas ,  d i sp lays  and contro ls ,  a i r locks ,  

windows, and experimental. and support equipment. It w i l l  a l s o  be used t o  

demonstrate i n s t a l l a t i o n  and maintenance c a p a b i l i t y .  

A second wooden mockup of t h e  i n t e r i o r  of t h e  labora tory  w i l l  be used t o  

e man-system i n t e r f a c e  involving such a reas  as work s t a t i o  

layout ,  locomotion devices, panel  design and l igh t ing .  A f u l l  s c a l e  

wooden mockup w i l l  a l s o  be provided with metal hardpoints  f o r  docking B 
L Q C ~ - " ; ~ : E E ~  
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procedure demonstration. Included v i i l  be the  Apollo nose s t ruc tu re ,  

docking por t s ,  and mechanism l a t c h e s .  In  addi t ion ,  f l u i d  and e l e c t r i c a l .  

umbi l ica l  connect,ions w i l l  be provided f o r  Apollo labora tory  c o n ~ p a t i b i l i t y  

demonstrations . 
6.1.2 Two-Compar tment - Independent ---- Jabora,tory 

The Two-Cor~lpart#ment Independent Iaboratory development schedule, 

F ig .  6-3, r equ i res  prolnpt a c t i o n  i n  many a reas  upon r e c e i p t  of c o n t r a c t  

go-ahead, i n  order  t o  provide t h e  independent subsystem opera t ion  requi red  

of t h e  labora tory  f o r  a t h r e e -  t o  six-man crew over a 45-day t o  one-year 

mission dura t ion .  For example, assuming c o n t r a c t  go ahead i n  January 

1970, and prompt i n i t i a t i o n  of t h e  E?vironment Control and Life Support 

sbsys tern  development, it i s  expected t h a t  t h e  component dekelopnlent can 

be accomplished by October 19'71. The proof t ,est  of t h e  complete su-bsystem 

w i l l  be conducted on a f l i g h t  module labora tory  i n  a vacuum chamber wi th  

a c t u a l  o r  sirnula,ted thermal, atmosphere, contaminant, and metabolic loads .  

This t e s t  w i l l  be acconplished i n  October 1972 and t h i s  w i l l  perinit equip- 

ment i n s t a l l a t i o n  i n  t h e  f i r s t  f l i g h t  vehic le  f o r  de l ive ry  i n  A p r i l  1973. 

6 . 1 . 2 . 1  St ructure  

As a r e s u l t  of the  in tens ive  broad sca le  s t r u c t u r a l  design e f f o r t  on t h e  

One-Compartment La,boratory module, only r e l a t i v e l y  minor t a s k s  remain on 

t h e  Independent Laboratory. Jo in ing provisions f o r  t h e  two modules and 

structul-a1 accomodations f o r  new environmental con t ro l  l i n e  and duct  

rou t ing  a r e  examples of t ~ o r k  t o  be done on t h i s  labora tory .  
' p 
I 6.1.2.2 Environmental Control  and Life  Support Subsystem 
I L 

The environmental c o n t r o l  and l i f e  support subsystenl must be augmented by 

water recovery from ur ine ,  a regenerable carbon dioxide removal system, 
I 

and two-gas atmosphere c o n t r o l  and s torage  equipment. 

The instrumentat ion and d i sp lay  subsystem w i l l  r equ i re  some ampl i f ica-  

t i o n  f o r  independent opera t ion  of the  Two-Colnpartmnent Labora,tory and 





f o r  experimenis .  For exs.~nple, e l e c t r i c a l  power &enel*at iou nild c o i i s ~ ~ p -  

t i o n ,  o r b i t  a l t i t u d e  ~ i ~ z i n t e n a n c c  and environmental s t a t u s  such a s  gas  

conswription and genera t ion ,  te inperat~u-e arrd humidity r~lust a l l  be r e a d i l y  

monitored f o r  any necessary  c o r r e c t ?  on. 

6 .1.2.4 Data 14anagenlent Subsystem .---- 

The &La 14ma.gernent Subsystetn i s  an  a p p l i c a t i o n  of Apol-lo ha,rdl.rare w i th  

increased  d a t a  skorage and handl ing  capac i ty ,  ob ta ined  by u t i l i z a t i o n  of 

two Apollo d a t a  management systems. 

6 .1.2.5 Comm~nicati  on, Corm~and , and Tracking Subsystem ---- - 
The Cornmunications, Command, and Tracking Subsystem w i l l  be p r i m a r i l y  an 

a p p l i c a t i o n  of all a d d i t i o n a l  s e t  of t h e  Apol.10 subsystem. 

6 .1 .2 .6  Navigation and Guidance Subsystein ---- 

The Navigat ion s.nd Guidance Subsystem r e q u i r e s  development e f f o r t  t o  

produce a l o n g - l i f e  i n e r t i a l  p la t forn l  and long- l i f e  i n t e g r a t i n g  gyros.  

The l o n g - l i f e  microminiature computer and star t r a c k e r  a r e  new b u t  

a ~ r a i l a b l e  elements  i n  t h i s  system. This  su-bsystem development i s  under- 

taken  a t  t h i s  time t o  ensure t h e  r equ i r ed  r e l i a b i l i t y  f o r  t h e  I n t e r i m  

Space S t a t i o n  conf igura t ion .  

6 .1 .2 .7  S t a b i l i z a t i o n  and Cont ro l  Subsystem 

I n  t h e  S t a b i l i t y  and Control  Subsystem, a gas-bear ing  d i f f e r e n t i a l  gyro, 

a c o n t r o l  moment gyro, and a s s o c i a t e d  e l e c t r o n i c s  must be i n t e g r a t e d  t o  

provide  t h e  r equ i r ed  r e l i a b i l i t y  and accuracy f o r  t h i s  mission and t h e  
fq 

longer  d u r a t i o n  missions t o  be accomplished wi th  t h e  next  s p a c e c r a f t  1: 
genera t ion .  . - 

6.1 .2 .8  E l e c t r i c  Power Subsystem 

problems a r e  t h e  product ion of a n  adequate  q u a n t i t y  of s o l a r  c e l l s  and 

fl t h e  development of l igh t -weight ,  1-ong-l i fe  b a t t e r i e s  such as t h e  
"M - 7 

reconm~ended silver-cacirniurn c e l l s .  
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6.1.2.9 - Propulsion Subsystem - 

The propulsion subsystenl a v a i l a b l e  i n  t h e  Apollo se rv ice  module i s  su f -  

f i c i e n t  f o r  t h e  o r b i t  i n j e c t i o n  and a t t i t u d e  c o n t r o l  requi red  by t h e  Two 

Compart~nent Independent Laboratory. Some augmentation of the  p rope l l an t  

and pressurant  ga's s torage  equipment w i l l  be r equ i red  f o r  t h e  longer 

dura t ion  missions. 

6.1.2.10 Crew Subsystems ' 

The Apollo crew subsystem designs w i l l  be u t i l i z e d  b u t  w i l l  be 

s i z e d  t o  accommodate s i x  men prithout depending on any of the  command 

module f a c i l i t i e s .  Radiation shie ld ing w i l l  a l s o  be provided because 

of s o l a r  f l a r e  y o s s i b i l i t , i e s  during the  one-year mission. 

6.1.3 In ter im Iilodular Multipurpose Space S t a t i o ~ l  -- 
The In ter im Space S t a t i o n  development schedule, Fig. 6-4, r equ i res  

prompt p a r a l l e l  development e f f o r t  i n  s e v e r a l  a r e a s  upon r e c e i p t  of con- 

t r a c t  go-ahead t o  avoid u-nnecessary f l i g h t  de lay ,  For example, r ap id  

da ta  t ransmission i s  e s s e n t i a l  t o  t h i s  labora-tory f o r  two reasons,  

F i r s t ,  with the  much l a r g e r  labora tory  and s t a f f ,  many more experiments 

with correspondingly increased da ta  w i l l  be completed per  u n i t  of time. 

Second, a f t e r  t h e  i n i t i a l  launch and sa t i s fa ,c tory  opera t ion  i s  e s t a b l i s h -  

ed, it can be expected t h a t  only s t a t i o n s  i n  t h e  North American cont inent  

w i l l  be used t o  rece ive  d a t a  from t h e  labora tory  f o r  t h e  balance of t h e  

f i v e  year mission. This  condit ion w i l l  reduce t h e  oppor tun i t i e s  t o  

t ransmit  d a t a  from seven transniissions t o  t h r e e  per  o r b i t .  Assuming a 

con t rac t  go-ahead of June 1972, the  con~rnunica,tions development e f f o r t  i s  

expected t o  r e s u l t  i n  proven r a p i d  da ta  t ransmission by August 1974. 
System i n t e g r a t i o n  w i l l  be complete March 1975 i n  time f o r  i n s t a l l a t i o n  

6.1.3.1 S t ruc tu re  

As was the  case with the  Two-Compartment Independent Module, the  in ten -  

s i v e  broad s c a l e  s t r u c t u r a l  design e f f o r t  expended on t h e  one-Conpart- 

ment Module has minimized t h e  s t r u c t u r a l  t a s k  on t h i s  vehic le .  

L O C K M E E D  
C n l l F O n N I A  C O M P A N Y  
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Attachment provisions,  separable adapter  s k i r t  t o  the  Saturn IVB s t age  

and separa t ion  provis ions  f o r  t h e  propulsion systemj a f t e r  o r b i t  c i r -  

cu la r i za t ion ,  a r e  r ep resen ta t ive  s t ruc tu r81  t a s k s  t o  be accomplished. 

6.1.3.2 E~lvironrnent~al Control. and Life Support Subsystern - 
The Environmental Cuntrol and L i fe  Support Subsystem i s  supplemented by 

oxygen regenera t i  on equipment. 

6.1.3.3 Instrumentat ion and Display Subsystem - 
Instrumentat ion and Display Subsystem changes involve the  add i t ion  of 

modular d i sp lay  and c o n t r o l  u n i t s  and a ne17 c o n t r o l  compartment t o  

accommodate the  expanded opera t ions  and func t ions  of t h e  l a r g e r  

labora tory .  

6.1.3.4 Data Management Subsystem -- 
The Data Nanagement Subsystem i s  amplif ied by on-board d a t a  processing 

c a p a b i l i t y ,  increased d a t a  handling capab i l i ty ,  increased d a t a  handling 

ra t e s , and  a reduced r a t i o  of d a t a  input  t o  d-ata t ransmit ted .  

6.1.3.5 

The Corr~f~unicatioiis Subsystem includes a complete in t ra - l abora to ry  audio 

and v i s u a l  system i n  a d d i t i o n  t o  the  development of a  new rap id  d a t a  

t ransmission c a p a b i l i t y  f o r  t h e  laboratory.  P a r a l l e l  development i s  

requi red  on the  ground equipment t o  accomplish e r r o r - f r e e  r ecep t ion  of 

t h i s  r a p i d  da ta  t ransmission.  Mult iple antenna phase c o n t r o l  equipment n xs 

would be incorporated i n  t h i s  s t a t i o n  t o  f l i g h t - r a t e  t h e  equipment f o r  

l a t e r  use  on t h e  l a r g e  r o t a t i n g  space s t a t i o n  where i t s  use  is  e s s e n t i a l .  

6.1.3.6 Navigation and Guidance Development 

The Navigation and Guidance Subsystem i s  modified by t h e  replacement of 

t h e  Apollo i n t e g r a t i n g  accelerometer with a new long l i f e  i n t e g r a t i n g  

accelerometer which requ i res  some development a t  t h i s  time. 

6 .1 .3 .7  S t a b i l i z a t i o n  and Control Subsystem 

The S t a b i l i z a t i o n  and Control Subsystem requ i res  the  redesign of i t s  

microelec t ronics  and t h e  ins ta , l l a t ion  of a l a r g e  control-moment gyro i n  

106 wd 
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p o r d e r  t,o a t t a i n  t h e  a t t i t u d e  hold ing  accuracy t h a t  i s  necessary f o r  4 
s a t i s f  ac to ry  experill c i ~ t a  t i on  du r i  1 1 ~  t h i s  f ive-year  miss ioii. The l a r g e  

p gyro has  t h e  a d d i t i o u a l  advantage of app rec i ab le  r e a c t i o n  c o n t r o l  f u e l  
& savings  by nlaintaining a t t i t u d e  c o n t r o l  i n  s p i t e  of t h e  many i n t e r n a l  

and e x t e r n a l  d e v i a t i n g  f o r c e s  such a s  cre-i.7 movenlent, equipment opera-  

t i o n  and r epos i t i on ing ,  g r a v i t y  g r a d i e n t  f o r c e s ,  and a,erodyna.nic 

mcments . 
6 . 1 . 3 . 8  Electric:  Power. Subsysteln -- 
The Elec- tr ic  Power absys t e in  i s  an  ex tens ion  of t h e  5 - h 7  module p r e -  

v ious ly  developed f o r  t h e  Two-Comnpartment Ind-ependent Laboratory. T'wo 

power nlodules a r e  r equ i r ed ,  

6.1.3.9 Propulsion Subsystem 

A new o r b i t  i n - j ec t ion  Propulsion Subsystem i s  r equ i r ed  f o r  t h i s  s t a -  

t i o n  conf igu ra t ion .  The developrnent of 200-pound t h r u s t  engines a t  

t h i s  t ime w i l l  ensure  f u l l y  f l i g h t - r a t e d  a t t i t u d e  c o n t r o l  engines f o r  

t h e  ro ta t i -ng  mode of t h e  Opera t iona l  Modular Space S t a t i o n .  S imi l a r ly ,  

t h e  development of t h e  new 65-pound t h r u s t  a , t t i t ude  c o n t r o l  engines  f o r  

t h i s  Inter inl  S t a t i o n  w i l l  p rovide  a t t i t u d e  c o n t r o l  engines  f o r  t h e  non- 

r o t a t i n g  mode of t h e  Opera t iona l  S  Lation. 

6 3 10 Crew Subsysterns 

Crew systems i n  g e n e r a l  r e q u i r e  some expansion t o  provid-e f o r  t h e  n ine  

man crew. Radia t ion  s h i e l d i n g  i s  inc reased  becaxse of t h e  p o s s i b i l i t y  

of g r e a t e r  exposure as a r e s u l t  of t h e  longe r  f l i g h t  p e r i o d  and a, 

l a r g e r  crew. 

6.1.4 Opera t iona l  Modular Nult ipurpose - Space S t a t i o n  

The Opera t iona l  Space S t a t i o n  development schedule,  FS g. 6-5, aga in  i n d i -  

c a t e s  t n e  n e c e s s i t y  f o r  prompt p a r a l l e l  developnlent i n  s e v e r a l  a r e a s  upon 

r e c e i p t  of c o n t r a c t  go-ahead i n  o rde r  t o  prosride t h e  e a x l i e s t  p r a c t i c a b l e  

a 3 r i a l i b i l i t y  of t h i s  l abo ra to ry .  The space s t a t i o ~  w i l l  acconiodate up 
@ 
& t o  a 36-man crew on a 5- t o  10-year  miss ion  d l e n  r e supp l i ed  on a 

3-month c y c l e ,  
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6.1.4.1 Structure - 

Although the illodular construction is utilized in the radial modules and 

the universal docking ports readily accmnodate the new access tubes, the 

addition of the hub and the external load-carrying shroud will require 

additional structural development since they are both new designs. 

1 . 4  2 Environmental Control and Life Support Su-bsystem --- 

The Enviror~nental Control and Life Sv.pport Subsystem is supplemented by 

fecal water reclamation for oxygen makeup. Four of the subsystems devel- 

oped for the Interim Station are used in this spacecraft, i.e., one sub- 

system for each radial modu1.e and one i11 the hub. Provisj-ons are made 

for the hub hangar puinp-down prior to logistic spacecraft acceptance or 

release in order to conserve the atmosphere supply. 

6.1. l t .  3 Instrumentation and Display -- 

Instrumentation and display areas are materially increased in order to 

provide the necessary intelligence for control- of the space station and 

to monitor flight and environment conditions for the much larger number 

of experiments in process. The subsystem is cornposed of the same modu- 

lar units used in the Interim Space Station. In addition to the primary 

control compartment, there will be a backup control compartment using, 

for the most part, equipment identical to the primary control compartment. 

6.1.4.4 Data Management Subsystein .- 

The principal development effort in the h t a  Mmagement Subsystem involves 

data compression, time-sharing subunits and increased data handling cap- 

y. The three.Interim Station Data Management Subsystems, one in 

adial arm of the station, are supplemented by a switching apparatus 

for time sharing capability, 

- - - - - - - -6.1.4.5 

The Communications Subsystem requires the addition of a phase control for 

the antenna output. This phase control is acco~nplished by the incorpora- 

tion of f'eed-back control applied to each antenna transmitting system. 



LR 1.8906 
Sect ion  6 

Develop~nent of t h i s  f e a t u r e  w i l l  ha've been acco~nplish:~d on the  Illterim 

S t a t i o n .  A complete audio-visual  cl-osed c i r c u i t  Tlr, a l s o  developed f o r  

the  Interim Sta t ion ,  i s  provided throughout the  labora tory  hub and r a d i a l  

arllis . 
6.1.4.6 Navigation arid Guidance Subsysterf~ 

The Navigation and Guidance Subsystem i s  b a s i c a l l y  t h e  same a s  t h a t  used 

on t h e  In ter im S t a t i o n  excep-L f o r  t h e  replacement of t h e  microitiin com- 

pu te r  by a c e n t r a l i z e d  computer. Some modificat ions a r e  requi red  i n  t h e  

system t o  accoinmodate the  r o t a t i o n  of t h e  space s t a t i o n .  

6.1.4.7 S t a b i l i z a t i o n  - and Control  Subsystem - 
The S t a b i l i z a t i o n  a ~ l d  Control Subsystem developed f o r  the  In ter im S t a t i o n  

i s  l a rge ly  appl icable  t o  t h i s  much l a r g e r  spacec ra f t .  It w i l l  be silp- ' 

plemented by a water balance system t o  adchieve dynamic and s t a t i c  balance 

cont ro l .  The c o n t r c l  moment gyro i s  redesigned f o r  t h i s  appl icz t ion ,  and 

t h e  a t t i t u d e  c o n t r o l  e l e c t r o n i c s  a r e  redesigned t o  accommodate both zero-g 

and r o t a t i n g  condi t ions .  The sp in  and de-spin system L s  added, and t h e  kl 

sun sensors a r e  added f o r  f u l l  time r o t a t i o n a l  s o l a r  o r i e n t a t i o n .  !!% 
6 .1 .4 .8  E l e c t r i c  Power Subsystem 

* @ 
--- 

The E lec t r i c  Wwer L%bsystern c o n s i s t s  of s o l a r  a r r a y s  and rechargeable 

ba , t t e r i e s  supplemented by t h e  Apollo f u e l  c e l l  power rnodules requi red  

f o r  s t a t i o n  s t a r t -up .  The s i x  f ive -k i lowat t  s o l a r  power modules used on 

t h i s  s t a t i o n  a r e  i d e n t i c a l  with those used on t h e  In ter im S ta t ion .  No 

new development i s  requi red  o the r  than the  i n t e g r a t i o n  of t h e  s i x  f i v e -  

k i lowat t  modules and f u e l  c e l l s  i n t o  a 30-kw system. The major delay i n  

h i s  program i s  the  production and a c t u a l  f a b r i c a t i o n  of the  nurnber of 

s o l a r  c e l l s  requi red  f o r  t h e  s i x  1360-square f o o t  a r r a y s  t o  be employed 

-- - 

.1.4.9 Propulsion Subsystem 

The Propulsion Subsysten~ uses t h e  LEM descent  engine f o r  o r b i t  i q j e c t i o n .  

The Interim Space S ta t ion  a t t i t u d e  c o n t r o l  engines a r e  mounted on t h e  



Opera.iiona,l S t a t i o n  hub f o r  z,ero-e; a t t i t v d t .  c o n t r o l .  ?'he lnter i i i i  St,a- 

t i o n  o r b i t  i n j ec t io i l  cngines a r e  rq~a . ckaged  i n  c l u s t e r s  and mounted on 

Llie o u t e r  end of t h e  r a d i a l  niodules t o  provide  r o t a t i n g  a t t i t u d e  c o n t r o l  

propuls ion .  Unless  experiment requirements  iiilpose more severe  r e q u i r e -  

nients on t h e  p r o p u l s i o : ~  subsysteni, t h e  only  development necessary  w i l l  

be t h e  a p p l i c a t i o n  of t h e s e  developed propuls ion  u n i t s  t o  t h e  Opera t iona l  

Space S t a t i o n .  

6.1.. 4.10 Crew Subsystems 

The crew subsystems a r e  ~ n a t e r i a l - l y  increased  i n  capaci-tjr t o  acconunodate 

36 men. The c a p a c i t y  i s  i ~ i c ~ e a s e d  by t h e  u s e  of t h r e e  of t h e  modula,r 

crew cornpartrnent i n ~ t a ~ l l a t i o n s  from t h e  In t e r im  Space S t a t i o n  and one of 

t h e  modular compartmen-ts modified t o  f i . t  i n t o  t h e  ze ro -g rav i ty  s e c t i o n  

of t h e  c e n t r a l  hub. 

Th i s  s e c t i o n  p r e s e n t s  t h e  methods and r e s u l t s  ob ta ined  from t h e  develop- 

ment of progran! coszs  f o r  t h e  Y ~ d ~ r l a r  Space S t a t i o n  concept.  This  i s  

accomplished by i n d i c a t i n g  The d a t a  sources ,  d e f i n i n g  t h e  subsys-tems, 

and d e s c r i l ~ i n g  t h e  c o s t s  of DT & E ,  manufacturing, operat ion,  and 

program management. A c o s t  a n a l y s i s  summary i s  presented  i n  paragraph 

6 .2 .6 ,  a l o n g  w i t h  t h e  c o s t s  of a n  a l t e r n a t e  des ign  approach. A 

s e c t  ion on underes t imat ing  f a c t o r s  i s  included t o  i n d i c a t e  t h e  ~nagni-  

t ude  of some of t h e  c o s t  e s t i m a t i ~ ~ g  e r r o r s  t h a t  have occurred i n  p a s t  

programs. The c o s t s  a r e  presented  f o r  planning purposes only  and do 

n o t  r e f l e c t  o r  imply d i r e c t  quotes  on t h e  p a r t  of t h e  c o n t r a c t o r  o r  

any  of t h e  subcon t r ac to r s .  

The space systems analyzed f o r  c o s t  purposes a r e  t h e  One-Compartment 

Dependent I aho ra to ry ,  t h e  2370-Compartment Independent Laboratory, 

t h e  In t e r im  Space S t a t  ion ,  and t h e  Operational Space S t a t i o n .  - 
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The basic a s sw~~p t~ ions  for  these  systems are : 

s Tlie developitlent and operaLion of Lhe various space s t a t i ons  is a 
continuous e f f o r t  and each succeeding space s t a t i o n  i s  dependent 
upon t he  development and operation of the preceding one. 

s There i s  only one operat ional  s t a t i o n  f o r  each configuration. 

B There a r e  no vehic les  a l loca ted  f o r  unmanned f l i g h t  t e s t .  

s A l l  cos t s  a r e  i n  current  1965 do l l a r s .  

e Costs a r e  only those associa ted with the  space s t a t i o n s  and do 
not  incl11.de l o g i s t i c  spacecra,ft or  t h e i r  associa ted costs .  The 
exceptions a r e  those s t a t i o n s  laxnched with the  Apollo command 
and service  mlodules, which n e c e ~ s a ~ r i l y  include the  Apollo as the  
l o g i s t i c  vehicle. 

6 .2 .1  Cost Data Sources 

The sources of cos t  information f o r  t h i s  study a r e :  vendors and poss ible  

subcontractors, published h i s t o r i c a l  cos t s ,  NASA da ta ,  in-house 

experience data, and other  r e l a t ed  sources. The da ta  from vendors and 

poss ible  subcontractors were obtained by personal  v i s i t s .  The informa- 

t i o n  received has been used with utmost d i sc re t ion  and i s  presented with 

no reference t o  source because of requests  by the  vendors t o  t r e a t  it i n  

t h i s  manner. 

The cos t  information received ~.7as expanded t o  r e f l e c t  the  t o t a l  system 

approach r a the r  than i so l a t ed  p a r t s ,  I11 other words, the  subsystems 
$ cos t s  a l s o  include the  prime contractor  contribution t o  t he  subsysten~ 

l e v e l  developnient and the r e l a t ed  costs ,  su.cli as t o t a l  system t e s t s  and 

documentation. 

6.2.2 Subsystem Definit ion 

Def ini t ions  of the subsystems used f o r  cos t ing purposes a r e  l i s t e d  below: 

computer. 
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At t i tude  con t ro l  ( inc luding s t ah i l i za t , ion  - sensors,  r a t e  gyros, 
mechanical devices (a , t tua tors  ) , j n e r t i a  wheel s, s t a t i c  balance 
devices,  and t h r u s t e r s .  

o Crev s y s t e m  .- devices which pro-iide f o r  the  conxfort and s a f e t y  
of t h e  crew, excluding expendable food and suppl ies .  

e Enviroxmental con t ro l  - t h e  atmosphere, 'rater, waste management 
and thermal con t ro l  systems. 

e Data nlanagen~elit - a l l  t h e  equipment necessary t o  r ece ive ,  process ,  
and s t o r e  d a t a .  

Displays - v i s u a l  a i d s  necessary t o  convey information t o  t h e  
crew and con t ro l s  such a s  knobs, toggle  switches, e t c .  

e Comnunications - a l l  r ad io ,  antenna, and sm'plofying equipment. 

e E l e c t r i  c a l  paver - t he  primary e l e c t r i c a l  generat ing equipment 
( s o l a r  c e l l s ,  e t c . )  and secondary power generat ing equipment 
( b a t t e r i e s ) ;  a l s o  t h e  d i s t r i b u t i o n  and condit ioning equipment. 

s Propulsion - a l l  engines, plumbing, valves,  a d  tankage except 
t h a t  por t ion  included i n  a t t i - tude  c o n t r o l ,  

Normally, t h e  labora tory  expzrimental equipment would be included a s  a 

subsystem, b u t  f o r  t h i s  study it i s  no t  because t h e  f i n a l  mission t a s k  

model has not  y e t  been defined.  When t h e  mission t a s k  model i s  sel- 

ected,  r e a l i s t i c  c o s t s  can be included. 

6.2.3 DT & E and I\la,nuf ac tu r ing  Costs - 

The f u n c t i o n a l  c o s t  ca tegor ies  a t  t h e  subsysteni l e v e l  a r e  : 

e Mf & E - includes a l l  t h e  labor  and mate r i a l s  requi red  t o  6evelop 
t h e  subsystem u.p t o  t h e  opera t jona l  l e v e l .  This elenient i s  sub- 
d iv ided i n t o  design and development, t e s t s ,  and t e s t  hardware. 

c Fabr ica t ion  - includes a l l  t h e  l abor  and mate r i a l s  r equ i red  f o r  
producing the  opera t iona l  s t a t i o n .  

I L The c o s t  u n i t s  which a r e  end item or ien ted  bu t  more f u n c t i o n a l  i n  na tu re  

a r e  : 

@ Design s t u d i e s  and system a n a l y s i s  - t h i s  category i s  analogous 
I - 

! t o  system engineering and inc ludes  c o s t s  of vehic le  o r i en ted  
I g ineer ing  and stu-dies performed by contrac tors .  -- ---  - -  

I 
I e In tegra ted  systems t e s t  - inc ludes  t h e  t e s t  labor  c o s t  a t  t h e  

veh ic le  l eve l .  
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e Tooling - includes t h e  c o s t s  of j i g s  and f i x t u r e s  necesso,rqy t o  
support t h e  hard+r.rare nianufac t u r e  a t  the  vehic le  l e v e l .  

e GSE - inclu.des tlie c o s t s  of the  ground support equipment nec- 
essary  f o r  the  t e s t  and opera t ion  of t h e  veh ic le  ecluiprr,ent, bu t  
excludes s p e c i a l  t e s t  equipn~ent wh5 ch i s  included a,t t he  sub- 
system leve l .  

The cost, u n i t s  which a r e  t r e a t e d  as d i r e c t  funct ions  of the  veh ic les  a r e :  

e m a l i t y  Control  - t h i s  item i s  included a t  the  subsystem l e v e l  
bu t  i s  included a s  a non-add item a t  t h e  end item l e v e l  f o r  
a n a l y s i s  purposes. 

e Spares - included a s  a d i r e c t  func t ion  of t h e  manufacturing 
I e f f o r t ,  This  category incl-udes a l l  t h e  spare p a r t s  and equip- 
3 ment requi red  t o  support t h e  space s t a t i o n .  

A c o s t  breakdown of each of t h e  s t a t i o n s ,  by subsystem and func t iona l  
.cost category f o r  DT & E and fabr i ca t ion ,  are shown i n  Tables 6-1 
through 6-4. 

6.2.4 Operat io in1 c o s t s  

The opera t iona l  c o s t s  include a l l  t h e  c o s t s  t h a t  a r e  necessary t o  launch, 

operate,  and maintain t h e  system over a spec i f i ed  per iod  of time, ex-  

cluding the  space vehic le  manufacturing cos t s .  The time per iods  fo r  t h i s  

s tudy a r e  : 

One-Compartment Dependent Iabora tory  = 45 days 

i Bqo-Com~rtrnent Jndependent Laboratory = 1 year 
4 
1 In ter im Space S t a t i o n  = 5 years  
I 
I Operat ional  Space S t a t i o n  = 10  years  
1 

6 .2.4.1 Apollo and Adapter Costs 
3 
1 

4 The Apollo and adapter  includes t h e  cornland and se rv ice  modules wi th  t h e  4 
* adapter .  The c o s t  of these  items was derived from published h i s t o r i c a l  

da ta .  A pe rcen t  f a c t o r  i s  included f o r  prime contrac tor  con t r ibu t ion  t o  

t h e  rnodif i c a t i o n  and adapta t ion  t o  the  space s t a t i o n  applicat j-on.  The 

0110 c o s t s  are assoc i a t e d  with t h e  One- Cornpartmerit and Two-Compar-tmen 

Laboratories .  The t o t a l  Apollo c o s t  f o r  each progran i s  $25.4 mil l ion .  
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( ~ i l i i o n s  of ~ o l l a r s )  

SJBSYSTEM LEVEL 

Structure  & Mech. Systems 2.70 24.25 25.92 52.87 L. 32 57-19 / 
Navigation & Guidance 4.98 4.97 16.80 26.75 4. 95 31.70 

Attitud.e Control -?+ x * Y -x- it 

Crew Systems 0.60 5-45 0.70 6- 75 0.14 6.89 

Environmental Control 1.14 12.25 2.34 15-73 0. 39 16.12 

Displays 2.00 3-00 1.46 6.46 0.211. 5.73 

Corrmunicat ions 0.80 5-15 0.35 6.30 0.07 6-37' 

E l e c t r i c a l  Power Y 

Propulsion )C 

Data Nanagement 0.25 

To ta l  Subsystem 22.47 

1 SPACE STATION LEVEL 

Design Studies & System 
Analysis 

Integrated Systems Test 
Tooling 
GSE 

117.4.6 lo .  13 

APOLiO and ADAPTER 25.40 2 5 . L ~  
GUALITY COl!~ROL (3.38) (3.39 

SPAPJ;: S 1.22 1.22 

S ta t ion  Subtota l  12.47 130.04 47.65 * 190.16 36-75 226.91 

+Included i n  t he  Apollo 
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(;lillions of Dollars) 

SUBSYSTEM ILEVEL 

Structure & Mech. Systems 

Navigation & Guidance 

~ttitude Control 

Crew Systems 

Environmental Control 

Displays 

Communications 

Electrical Power 

fiopuls ion 

I-' Data Nanagement 2.00 3.00 4.24 9.2'~. 0.4L 9.68 
GI 

Totai Subsystem 76.8i 151.29 232.69 460.79 ~ 7 .  9 588.28 

/ S2ACJ STATIOS LEVEL 

Design Studies & System 
Analysis 

Integrated Systerns,Test 

Tooling 

GSE , 

QU.&ITk' CONTROL 

SPAWS 

Station Subtotal 76.81 359.29 232.69 
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6.2. lc. 2 F a c i l i t i e s  

The facilii;?y eos'r7s Inclu.ded i n  t,hi.s r epor t  a r e  those  c o s t s  stellrrrling from 

~ranufactur ing  , t e s t i n g ,  a,ssembly, and la,unch pad modif ica, t ion.  

For generat ion of the  c o s t  f o r  new manufacturir~g f a c i l . i t i e s ,  t he  follo-q- 

ing re l a t ionsh ip  a,pplies : 

CT = Total ManufacLurjng F a c i l i t i e s  = SQF x PFCF x CCT 

SQF = Tota l  number of square f e e t  requi red  = 245,000 

PFCF = Cost Factor  = 43.2 (average) 

C C I  = Cost Construction Iniiex = - 1 

CT = 245,000 x 4 3.2 x 1 = $10.6 mi l l ion  

Tes t  f a , c i l i t y  c o s t s  include environme1:tal t e s t i n g ,  s t a t i c  f i r i n g ,  s o l a r  

simulator,  and niiscellaneou.~ t e s t i n g .  Also included a s  t e s t  f  a c j  l i t y  

c o s t s  a r e  t h e  c o s t s  f o r  assembly, disassembly and checkout of the  space 

s t a t i o n  u n i t  being t e s t e d .  

It i s  assumed t h a t  the  f a c i l i t i e s  a t  Complex 39 r . ~ i l l  be operable and 

a v a i l a b l e  f o r  use on t h i s  p r o j e c t .  Modificat ions t o  t h e  arming and 

umbi l ica l  tover  a r e  included. I f  operational.  schedules do not  permit  t h e  

use of t h e  V e r t i c a l  Assembly Buildi i lg? a new f a , c i l i t y  w i l l  be requi red  

f o r  assembling and mating t h e  space s t a t i o n  t o  t h e  launch vehic le  and 

f o r  o ther  a s soc ia ted  funct ions .  

These net1 f a c i l i t y  c o s t s  f o r  t h e  Kennedy Space Ce~l ter ,  which a r e  e s t i -  

niated a t  $15.0 mil l ion,  excluding land value and s i t e  development, a r e  

not  included i n  t h e  c o s t  of t h i s  program. 
Q 
k It i s  assumed t h a t  the  environmental t e s t  f a c i l i t y  a t  t h e  Manned Space- 

c r a f t  Center w i l l  be a v a i l a b l e  f o r  t e s t i n g  purposes. Assembly and t r a i n -  

ing f a c i l i t i e s  c o s t s  a t  MSC a r e  not  included s ince  the  requirements a r e  

not  defined a t  t h i s  time. It can be assunled s a f e l y  t h a t  the  new f a c i l i -  

t h e  c o s t  range of $10.0 mill-ion t o  $15.0 ifiillion. 



LR 18906 
Sec t ion  6 

Do~.~n-1-ange f a , c i l i t i e s ,  t h e  GOSS networli, a ~ l d  t e s t  and checkout f a c i l i t i t ~ s  

a t  t h e  Kennedy Space Center a r e  assumed Lo be a v a i l a b l e .  

A l l  f a c i l i t y  c o s t s  a r e  inc luded  i n  t h e  Inter i in  Space S t a t i o n  c o s t s  ex-  

c e p t  f o r  t h e  s o l a r  ~ i n l u l a t ~ o r  f a c i l i t i e s  r equ i r ed  f o r  t h e  % e s t i n g  of t h e  

s o l a r  pane l s  f o r  the Two-Conipartment con f igu ra t ion .  ( s e e  Table 6-5. ) 

TABLE 6-5 F'ACTTJITIES COSTS 
 illio ions of D o l l a r s )  43- 

k +  
One-Compartment Two-Conipartmel~t ' ~ n t e r i m  Space Opera t iona l  Space 

F a c i l i t i e s  L2boratory Laboratory S t a t i o n  S t a t  i on  - - ~, r5 
&j 

Manufacturing 10.60 
T e s t  10.00 13.80 f=-% 

Assembly 2.00 d 
i 

Launch Pad 
b!odif i c a t i o n  3.00 

I4aintenance 7.10 

T o t a l  
F a c i l - i t i e s  0  10.00 36.50 0 

6 .2 .4 .3  Launch Vehicles 

The launch veh ic l e  f o r  t h e  one-, two-, and six-compartment s t a t i o n s  i n  low 
- - 

ea r th  o r b i t s  i s  t h e  Sa turn  I B  con f igu ra t ion .  The launch v e h i c l e  proposed 

f o r  t h e  Operational. Space S t a t i o n  i s  t h e  two-stage, e a r t h  o r b i t  conf igu-  

r a t i o n  of t h e  Sa turn  V. The l a t t e r  con f igu ra t ion  c o n s i s t s  of t h e  S-IC 

ar,d S-I1 s t a g e s  wi th  a repacltaged ins t rumenta t ion  u n i t .  The sources  of 

a l l  c o s t s  a s s o c i a t e d  wi th  t h e  launch v e h i c l e s  a r e  c u r r e n t  NASA documents. 

The c o s t  of t h e  Sa turn  1B i s  $34 m i l l i o n  and t h e  c o s t  of t h e  Sa tu rn  V 

i s  $100 mi l l i on .  These c o s t s  inc lude  launch s e r v i c e s .  

6 .2 .4 .4  Operat ions 

e -  Astronaut  t r a i n i n g  . -- - 

e Pay and allowances 
e Space s t a t i o n  maintenance 
s Miscella.neous 

The Miscel laneous category inc ludes  p r o p e l l a n t s ,  s tocks,  and space 

s t a t i o n  t r a n s p o r t a t i o l ~ .  

129 m u 
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The c o s t s  fo r  the  above ca iegor ies ,  with the  exception of astrorlaut  

t r a i  niiig, a r e  generated with gross es t imat ing  procedures. Astronaut 

t r a i n i n g  c o s t s  a r e  est imated by assuxiing a no~niiial t r a i n i n g  program and 

a minirriuin number of t r a i n e d  as t ronau t s .  The a,ssurilptions f o r  the  nominal 

prograin a r e  : 

ea One year niaximur~i t i m 5  i n  o r b i t  p e r  man 

e Twenty-five percent  of t h e  t o t a l  required personnel  a r e  t r a i n e d  
as as t ronau t s  with a c o s t  f a c t o r  of 100 percent .  These c o s t s  
a r e  a t t r i b u t e d  t o  the  Logis t ic  system an6 not  t o  the  space 
stat ion. 

e % ~ e n t y - f i v e  percent  of t h e  t o t a l  requi red  personnel  a r e  t r a i n e d  
as engineers and a s s j s t a n t  a s t ronau t s  with a c o s t  f a c t o r  of  
25 percent ,  a t t r i b u t a b l e  t o  t h e  space s tadt ion .  

e F i f t y  percent  of t h e  t o t a l  requi red  personnel  a r e  t r a i n e d  a s  
engineers and s c i e n t i s t s  with t r a i n i n g  on engineering equipment 
and spec ia l i zed  equiprcent maintenance with a c o s t  f a c t o r  of 
10  percent ,  a t t r i b u t a b l e  t o  t h e  space s t a t i o n .  

e Two years  in tens ive  t r a i n i n g  period.  The t r a i n e e s  e n t e r  t h e  
f o r c e  a t  a  uniform r a t e  over t h e  t o t a l  modular program l i f e .  

With t h e  above assun~ptions t h e  fol lowing procedure has been developed: 

One R.7 o In ter im Operat ional  
Corn1 J t  -- Compt -- S t a t i o n  - S t a t i o n  

. Crew Size  6 9 24 

. Years of Operation 1 5 10  

C. Subto ta l  (A x B) 3 6 4 5 240 

E. T o t a l  t o  be t r a i n e d  
( C  + D) 4 8 56 300 

F. Log i s t i c s  System 1 2 1.4 75 
(0.25 x E )  . 

G. Engineers & A s s t .  
Astronauts (0.25 x E) 1 2 14 75 

, _Engineers & S c i e n t i s t s  
(0.50 x E )  



The t o t a l  cos t  per' nlian, by c l a s s i f i c a t i o n  associa ted  erith tile space [3 
s t a t i o n  i s  repres?lli;ed by: ( c o s t  f a c t o r  f o r  t r a i n i n g  per yea r )  x (per-  L"l 

centage f a c t o r )  x (nurnber of years requii-ed pe r  man) . 

e E~igineers and a s s j  s t a n t  astrcnau ts 
6 ($1.0 x 10 ) x (0.25) x (2)  = $0.5 lni l l ion per  man 

s Engineel-s a.nd sc i e l i t i s t s  
6 ($1,0 x 10 ) x (0.10) x (2)  = $0.2 mi l l ion  pe r  man 

Ttle t s t a l  a s t r o l ~ a v t  t r a in i l ig  c o s t s  a r e  shovn i n  Table 6-6 along wi th  t h e  

1-emailling operat ions cos ts .  

TABU 4-6 
OPEIUTIONS COST SUP:DIARY 

One %.TO Interim Operat ional  
Comp t Compt S t a t  ion S t a t i o n  -- --- 

Astronaut Training 0. 90 1. &I 12.60 67- 50 

lpay and Alloirances 0.90 3.40 16.80 33-00 I 
lSpace S ta t ion  Maintenance 0.22 2.60 25-65 127.49 1 
I OPS Total 2.82 9.40 58.45 23li.69 1 
6.2.5 Program Flanagement 

The program management cos t  category includes only the  o v e r a l l  program 

l e v e l ;  cos t s  f o r  program supervision a t  t h e  subsystem l e v e l  a r e  incl-uded 

i n  t h e  individual  su-bsystern cos t s .  This method has the  advantage of i n -  

d i c a t i n g  areas  of c o s t  s e n s i t i v i t y  a t  a lower l e v e l  and does not mis- 

represent  any of the  t o t a l  subsystem cos t s .  It a l s o  g ives  a more accura te  

p i c t u r e  of the  func t iona l  cos t  ca tegor ies ,  such a s  program management, by 

not having a high aggregate c o s t  with l i t t l e  meaning. 

The !d 

manner a s  t h e  above. Costs have not been included f o r  t h i s  c o s t  category 

because rriueh of t h e  cos t  impact i s  a d i r e c t  funct ion of the  I\$'SA po l i cy  

and the  r e l a t e d  dec i s  j on making. 



The c o s t s  ( i n  ln i l l ions  of' d o l l a r s )  f o r  the  program ~tisnagerneilt element a r e :  

%lo-Cornpartmen t 43.27 

In ter im S t a t i o n  36.40 

Operat ional  S t a t i o n  63.50 

6 .2 .6  c o s t  Analysis Sullxnary -- 

The nlociular approach i s  a continuous e f f o r t  and none of t h e  space s t a -  

t i o n s  should be taken out  of context .  A cornplete r e v i s i o n  of the  c o s t  

ana lys i s  i s  necessary i f  one of t h e  ind iv idua l  s t a t i o n s  i s  selec:ted as a, 

f i n a l  objec t ive ,  s ince  each of the  s t a t i o n s  i s  dependent upon the  devel-  

opment of t h e  pre-s i ous one. The t o t a l  program cos t  ( s~mflarized i n  

Table 6-7) based on the  modular a,pproach i s  $2.921 b i l l i o n .  The funding 

schedule t h a t  is  assoc ia ted  wi th  t h e  space s t a t i o n s  i s  shosin? i n  

Figure 6-6. 

6.2.7 - s t a t i o n  Cost Coinparisons -- 

The modular progran; costed above c o n s i s t s  of a sequen t i a l  development 

fro111 the  One-Compartment Dependent Laboradtory t o  the  Operat ional  Mult i-  

purpose Space Sta t ion ,  with maximum advantage being taken of p r i o r  

developments a t  each po in t  i n  the  program. An a l t e r n a t i v e  approach 

would be t o  develop each of the  progratns independently without t ak ing  

advantage of t h e  growth capabil i ty which i s  inherent  i n  t h e  modular 

approach, 

I n  order  t o  p resen t  c o s t s  f o r  an a l t e r n a t i v e  a,pproach f o r  comparative 

purposes, t h e  c o s t s  i n  Table 6-8 were generated. The MORL-type s t a t i o n  

i s  coniparable t o  t h e  In ter im Modular s t a t i o n  and the  LORL-type s t a t i o n  

i s  comparable t o  t h e  Operational Modular space s t a t i o n .  For t h e  com- 

p r i s o n ,  it was assumed t h a t  t h e  One- and DTO-C e s 

would not  have d i f f e r e n t  c o s t s ,  b u t  t h e  In ter im and Operational s t a t i o n s  

would be incremental.  To ta l  program c o s t s  a r e  shown i n  Table 6-9 f o r  
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TABLE 6-7 
NOI)UW-: MJLTIPURPOSE S?ACE STATION COST S U E W Y  

 illio ions of ~oliars) 

Subsystem Level 
Design & Development 
Tests 
Test Hardware 

Space Station Level 
Design Studies & System Analysis 
Integrated Systems Test 
Tooling 
GSE 

Total DT&E 

Fabrication 
Quality Control 
Spares 

Total MANUFACTURING 

One - Corn- 
partrnent 

Two-Corn- 
partment 

Interim Operational 
Station Station 

90. 00 32.00' m 

OPERATIONAL 

PLPOLLO and ADAFTER 25.40 25.40 0 0 
Facilities - - 10.00 36- 50 .. - 
Launch Vehicle & Launch Services 34.00 34.00 34.00 100.00 
Operations 2.82 9.40 58- 45 234.69 

Total OPERATIONAL 62.22 v =m7 334-.69 

PROGRAM MANAGEMENT I 
Con%ractor 15.80 43-27' 36.40 63- 50 

Total Program Cost 279-53 . 7=a3 683.od 1,219.77 

I T o  be determined by the NASA 1 
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PROGRRM COST TF?Ei\Si)S 
IrSDEPETSDENT DEVE.?lIP!4ZhT VS P4ODULAR C3NCEPT 

 illio ions of ~oliars) 

Laboratory Development Modular Savi:~gs -- 1 
B 

One Compartment Dependent Laboratory 280 280 0 0 
i 
I 

Two Compartment Independent Laboratory 740 740 0 0 
I 
I 

Interim Space Station 

Operational Space Station 

Notes : 

Includes all DT&E and production costs up to launch. 

A11 space station program were calculated using a unifom costing method. 

e The One Compartment and Two Cornpartmeen Laboratories necessarily include the 
Apollo logistic system; other concepts do not include logistics. 
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both the  sequen t i a l  and t h e  independent approaches, The r e s u l t s  of t h e  

comnparison show t h a t  b ~ i t h  the  sel.ec.tion of the  modular approach it is 

poss ib le  t o  ob ta in  a p t e n t i a l  cumula t ive  sav i r~gs  of about 40 percent .  

6 . 2 8  under-es t imating Factors  

Studies  such a s  the  one conducted by t h e  Harvard Business School-E i n d i -  

c a t e  t h a t  schedules and c o s t s  based on h i s t o r i c a l  da ta  may be under- 

e s t i m t e d  by a f a c t o r  of 3.2. If it i s  assumed t h a t  t h e  program cos t  

obtained i n  t h i s  study is  under-estirnated by f a c t o r s  ranging f r o m  2.0 

. t o  3.2,  t h e  t o t a l  modular program cos t  could vary as shown i n  Fig .  6-7. 

- 
C 
- - 
4 10.0 
LC 
0 

2 .- - - .- 
a - 
k 

5.0 

2 
1 
0 

2 
Q 

2 
3 

6 0  
Q 2.0 3 . 2  

UNDER-ESTIMATING FACTOR 
- 

FIG, 6-7 POSSIBLE VARiAIDON IN PRBGRAh4 COST 
Inves t iga t ion  i n d i c a t e s  c o s t s  could increase  because: 

e An op t imis t i c  subsystem development time has been assumed. 

4 A f l i g h t  t e s t  program i s  required.  

o The advances o r  app l i ca t ion  of technology a r e  no t  a s  expected. 

a The Apollo program i s  not  operable a t  t h e  est imated time per iods .  

e There a r e  de lays  i n  funding f o r  the  modular program. 

There a r e ,  of course, many more a r e a s  of c o s t  s e n s i t i v i t y  bu t  t h e  abo 

appear t o  be most important. 

*Peck, Merton J. and Sherer,  Freder ic  14. ; "The Weapons System Acquisi t ion 
Process : An Economic Analysis.  " 




